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LM7121 Tiny Very High Speed Low Power Voltage Feedback Amplifier 1-607 

LM7131 Tiny High Speed Single Supply Operational Amplifier 1-608 

LM7171 Very High Speed High Output Current Voltage Feedback Amplifier 1-630 

LM8305 STN LCD Display Bias Voltage Source 4-7 

LM13600 Dual Operational Transconductance Amplifier with Linearizing Diodes and Buffers 1-631 

LM13700 Dual Operational Transconductance Amplifier with Linearizing Diodes and Buffers 1-649 

LM77000 Power Operational Amplifier 1-379 

LMC660 CMOS Quad Operational Amplifier 1-669 

LMC662 CMOS Dual Operational Amplifier 1-679 

LMC6001 Ultra Ultra-Low Input Current Amplifier 1-689 

LMC6008 8 Channel Buffer 4-8 

LMC6022 Low Power CMOS Dual Operational Amplifier 1-699 

LMC6024 Low Power CMOS Quad Operational Amplifier 1-711 

LMC6032 CMOS Dual Operational Amplifier 1-722 

LMC6034 CMOS Quad Operational Amplifier 1-732 

LMC6041 CMOS Single Micropower Operational Amplifier 1-742 

LMC6042 CMOS Dual Micropower Operational Amplifier 1-753 

LMC6044 CMOS Quad Micropower Operational Amplifier 1-763 

LMC6061 Precision CMOS Single Micropower Operational Amplifier 1-773 

LMC6062 Precision CMOS Dual Micropower Operational Amplifier 1-783 

LMC6064 Precision CMOS Quad Micropower Operational Amplifier 1-793 

LMC6081 Precision CMOS Single Operational Amplifier 1-803 

LMC6082 Precision CMOS Dual Operational Amplifier 1-813 

LMC6084 Precision CMOS Quad Operational Amplifier 1-823 
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LMC6462 Dual Micropower, Rail-to-Rail Input and Output CMOS Operational Amplifier ........... 1-833 

LMC6464 Quad Micropower, Rail-to-Rail Input and Output CMOS Operational Amplifier 1-833 

LMC6482 CMOS Dual Rail-to-Rail Input and Output Operational Amplifier 1-847 

LMC6484 CMOS Quad Rail-to-Rail Input and Output Operational Amplifier 1-864 

LMC6492 Dual CMOS Rail-to-Rail Input and Output Operational Amplifier *■ 1-880 

LMC6494 Quad CMOS Rail-to-Rail Input and Output Operational Amplifier 1 -880 

LMC6572 Dual Low Voltage (3V) Operational Amplifier 1-893 

LMC6574 Quad Low Voltage (2.7V) Operational Amplifier 1 -893 

LMC6582 Dual Low Voltage, Rail-to-Rail Input and Output CMOS Operational Amplifier 1-902 

LMC6584 Quad Low Voltage, Rail-to-Rail Input and Output CMOS Operational Amplifier 1-902 

LMC6681 Single Low Voltage, Rail-to-Rail Input and Output CMOS Amplifier with Powerdown 1-903 

LMC6682 Dual Low Voltage, Rail-to-Rail Input and Output CMOS Amplifier with Powerdown 1-903 

LMC6684 Quad Low Voltage, Rail-to-Rail Input and Output CMOS Amplifier with Powerdown . . — 1-903 

LMC6762 Dual Micropower, Rail-to-Rail Input and Output CMOS Comparator 3-131 

LMC6764 Quad Micropower, Rail-to-Rail Input and Output CMOS Comparator 3-131 

LMC6772 Dual Micropower Rail-to-Rail Input and Open Drain Output CMOS Comparator . — .... 3-132 

LMC6774 Quad Micropower Rail-to-Rail Input and Open Drain Output CMOS Comparator 3-132 

LMC7101 Tiny Low Power Operational Amplifier with Rail-to-Rail Input and Output 1-904 

LMC71 1 1 Tiny CMOS Operational Amplifier with Rail-to-Rail Input and Output 1-920 

LMC721 1 Tiny CMOS Comparator with Rail-to-Rail Input — 3-133 

LMC7221 Tiny CMOS Comparator with Rail-to-Rail Input and Open Drain Output 3-144 

LP311 Voltage Comparator 3-145 

LP339 Ultra-Low Power Quad Comparator 3-149 

LP395 Ultra Reliable Power Transistor 5-52 

LPC660 Low Power CMOS Quad Operational Amplifier — 1-921 

LPC661 Low Power CMOS Operational Amplifier 1-933 

LPC662 Low Power CMOS Dual Operational Amplifier 1-945 

OP07 Low Offset, Low Drift Operational Amplifier . . : 1-957 

Packing Considerations (Methods, Materials and Recycling) 6-3 

Recommended Soldering Profiles — Surface Mount — 6-23 

TL081 Wide Bandwidth JFET Input Operational Amplifier 1-962 

TL082 Wide Bandwidth Dual JFET Input Operational Amplifier 1-969 
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54ACT71 5 Programmable Video Sync Generator 

Section 2 Application Specific Analog Products 

74ACT715 Programmable Video Sync Generator 

Section 2 Application Specific Analog Products 

ADC0800 8-Bit A/D Converter 

Section 2 

Data Acquisition 

ADC0801 8-Bit ju,P Compatible A/D Converter 

Section 2 

Data Acquisition 

ADC0802 8-Bit julP Compatible A/D Converter 

Section 2 

Data Acquisition 

ADC0803 8-Bit jiiP Compatible A/D Converter 

Section 2 

Data Acquisition 

ADC0804 8-Bit juP Compatible A/D Converter 

Section 2 

Data Acquisition 

ADC0805 8-Bit j uP Compatible A/D Converter 

ADC0808 8-Bit j nP Compatible A/D Converter with 

Section 2 

Data Acquisition 

8-Channel Multiplexer 

ADC0809 8-Bit jllP Compatible A/D Converter with 

Section 2 

Data Acquisition 

8-Channel Multiplexer 

ADC081 1 8-Bit Serial I/O A/D Converter with 

Section 2 

Data Acquisition 

11 -Channel Multiplexer 

ADC0816 8-Bit juP Compatible A/D Converter with 

Section 2 

Data Acquisition 

16-Channel Multiplexer 

ADC0817 8-Bit jmP Compatible A/D Converter with 

Section 2 

Data Acquisition 

16-Channel Multiplexer 

ADC081 9 8-Bit Serial I/O A/D Converter with 

.Section 2 

Data Acquisition 

19-Channel Multiplexer 

ADC0820 8-Bit High Speed jutP Compatible A/D 

Section 2 

Data Acquisition 

Converter with Track/Hold Function 

ADC0831 8-Bit Serial I/O A/D Converter with 

Section 2 

Data Acquisition 

Multiplexer Options 

ADC0832 8-Bit Serial I/O A/D Converter with 

Section 2 

Data Acquisition 

Multiplexer Options 

ADC0833 8-Bit Serial I/O A/D Converter with 

.Section 2 

Data Acquisition 

4-Channel Multiplexer 

ADC0834 8-Bit Serial I/O A/D Converter with 

Section 2 

Data Acquisition 

Multiplexer Options 

ADC0838 8-Bit Serial I/O A/D Converter with 

Section 2 

Data Acquisition 

Multiplexer Options 

. Section 2 

Data Acquisition 

ADC0841 8-Bit jmP Compatible A/D Converter 

ADC0844 8-Bit juP Compatible A/D Converter with 

.Section 2 

Data Acquisition 

Multiplexer Options 

ADC0848 8-Bit juP Compatible A/D Converter with 

. Section 2 

Data Acquisition 

Multiplexer Options 

ADC0851 8-Bit Analog Data Acquisition and Monitoring 

. Section 2 

Data Acquisition 

System 

ADC0852 Multiplexed Comparator with 8-Bit 

. Section 1 

Data Acquisition 

Reference Divider 

ADC0854 Multiplexed Comparator with 8-Bit 

. Section 2 

Data Acquisition 

Reference Divider 

ADC0858 8-Bit Analog Data Acquisition and Monitoring 

.Section 2 

Data Acquisition 

System 

ADC08031 8-Bit High-Speed Serial I/O A/D Converter 
with Multiplexer Options, Voltage Reference, and 

. Section 1 

Data Acquisition 

Track/Hold Function 

ADC08032 8-Bit High-Speed Serial I/O A/D Converter 
with Multiplexer Options, Voltage Reference, and 

. Section 2 

Data Acquisition 

Track/Hold Function 

. Section 2 

Data Acquisition 
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ADC08034 8-Bit High-Speed Serial I/O A/D Converter 
with Multiplexer Options, Voltage Reference, and 
Track/Hold Function 

.Section 2 

Data Acquisition 

ADC08038 8-Bit High-Speed Serial I/O A/D Converter 
with Multiplexer Options, Voltage Reference, and 
Track/Hold Function 

.Section 2 

Data Acquisition 

ADC08061 500 ns A/D Converter with S/H Function 
and Input Multiplexer 

.Section 2 

Data Acquisition 

ADC08062 500 ns A/D Converter with S/H Function 
and Input Multiplexer 

Section 2 

Data Acquisition 

ADC08131 8-Bit High-Speed Serial I/O A/D Converter 
with Multiplexer Options, Voltage Reference, and 
Track/Hold Function 

Section 2 

Data Acquisition 

ADC08134 8-Bit High-Speed Serial I/O A/D Converter 
with Multiplexer Options, Voltage Reference, and 
Track/Hold Function 

.Section 2 

Data Acquisition 

ADC08138 8-Bit High-Speed Serial I/O A/D Converter 
with Multiplexer Options, Voltage Reference, and 
Track/ Hold Function 

.Section 2 

Data Acquisition 

ADC08161 500 ns A/D Converter with S/H Function 
and 2.5V Bandgap Reference 

.Section 2 

Data Acquisition 

ADC08231 8-Bit 2 jus Serial I/O A/D Converter with 
MUX, Reference, and Track/Hold 

.Section 2 

Data Acquisition 

ADC08234 8-Bit 2 jus Serial I/O A/D Converter with 
MUX, Reference, and Track/Hold 

.Section 2 

Data Acquisition 

ADC08238 8-Bit 2 jus Serial I/O A/D Converter with 
MUX, Reference, and Track/Hold 

.Section 2 

Data Acquisition 

ADC12H030 Self-Calibrating 12-Bit Plus Sign Serial 

I/O A/D Converter with MUX and Sample/Hold 

. Section 2 

Data Acquisition 

ADC12H032 Self-Calibrating 12-Bit Plus Sign Serial 

I/O A/D Converter with MUX and Sample/Hold 

. Section 2 

Data Acquisition 

ADC12H034 Self-Calibrating 12-Bit Plus Sign Serial 

I/O A/D Converter with MUX and Sample/Hold — 

.Section 2 

Data Acquisition 

ADC12H038 Self-Calibrating 12-Bit Plus Sign Serial 

I/O A/D Converter with MUX and Sample/Hold 

.Section 2 

Data Acquisition 

ADC12L030 3.3V Self-Calibrating 12-Bit Plus Sign 
Serial I/O A/D Converter with MUX and 
Sample/Hold 

.Section 2 

Data Acquisition 

ADC12L032 3.3V Self-Calibrating 12-Bit Plus Sign 
Serial I/O A/D Converter with MUX and 
Sample/Hold 

.Section 2 

Data Acquisition 

ADC12L034 3.3V Self-Calibrating 12-Bit Plus Sign 
Serial I/O A/D Converter with MUX and 
Sample/Hold 

. Section 2 

Data Acquisition 

ADC12L038 3.3V Self-Calibrating 12-Bit Plus Sign 
Serial I/O A/D Converter with MUX and 
Sample/Hold 

.Section 2 

Data Acquisition 

ADC1001 10-Bit jxP Compatible A/D Converter 

. Section 2 

Data Acquisition 

ADC1005 10-Bit jutP Compatible A/D Converter 

.Section 2 

Data Acquisition 

ADC1031 10-Bit Serial I/O A/D Converter with Analog 
Multiplexer and Track/Hold Function 

.Section 2 

Data Acquisition 
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ADC1034 10-Bit Serial I/O A/D Converter with Analog 
Multiplexer and Track/Hold Function 

. Section 2 

Data Acquisition 

ADC1038 10-Bit Serial I/O A/D Converter with Analog 
Multiplexer and Track/Hold Function 

. Section 2 

Data Acquisition 

ADC1061 10-Bit High-Speed juiP-Compatible A/D 
Converter with Track/ Hold Function 

. Section 2 

Data Acquisition 

ADC1205 12-Bit Plus Sign juP Compatible A/D 
Converter 

. Section 2 

Data Acquisition 

ADC1225 12-Bit Plus Sign juP Compatible A/D 
Converter 

.Section 2 

Data Acquisition 

ADC1241 Self-Calibrating 12-Bit Plus Sign 

juiP-Compatible A/D Converter with Sample/Hold . . 

. Section 2 

Data Acquisition 

ADC1242 12-Bit Plus Sign Sampling A/D Converter . . 

. Section 2 

Data Acquisition 

ADC1251 Self-Calibrating 12-Bit Plus Sign A/D 
Converter with Sample/Hold 

.Section 2 

Data Acquisition 

ADC1 0061 1 0-Bit 600 ns A/D Converter with Input 
Multiplexer and Sample/Hold 

. Section 2 

Data Acquisition 

ADC10062 10-Bit 600 ns A/D Converter with Input 
Multiplexer and Sample/Hold 

.Section 2 

Data Acquisition 

ADC10064 10-Bit 600 ns A/D Converter with Input 
Multiplexer and Sample/Hold 

. Section 2 

Data Acquisition 

ADC1 01 54 1 0-Bit Plus Sign 4 juts ADC with 4- or 
8-Channel MUX, Track/Hold and Reference 

. Section 2 

Data Acquisition 

ADC1 01 58 1 0-Bit Plus Sign 4 /as ADC with 4- or 
8-Channel MUX, Track/Hold and Reference 

. Section 2 

Data Acquisition 

ADC10461 10-Bit 600 ns A/D Converter with Input 
Multiplexer and Sample/Hold 

. Section 2 

Data Acquisition 

ADC1 0462 1 0-Bit 600 ns A/D Converter with Input 
Multiplexer and Sample/Hold 

. Section 2 

Data Acquisition 

ADC10464 10-Bit 600 ns A/D Converter with Input 
Multiplexer and Sample/Hold 

. Section 2 

Data Acquisition 

ADC10662 10-Bit 360 ns A/D Converter with Input 
Multiplexer and Sample/Hold 

.Section 2 

Data Acquisition 

ADC10664 10-Bit 360 ns A/D Converter with Input 
Multiplexer and Sample/Hold 

.Section 2 

Data Acquisition 

ADC10731 10-Bit Plus Sign Serial I/O A/D Converter 
with MUX, Sample/Hold and Reference 

.Section 2 

Data Acquisition 

ADC10732 10-Bit Plus Sign Serial I/O A/D Converter 
with MUX, Sample/Hold and Reference 

.Section 2 

Data Acquisition 

ADC10734 10-Bit Plus Sign Serial I/O A/D Converter 
with MUX, Sample/Hold and Reference 

. Section 2 

Data Acquisition 

ADC10738 10-Bit Plus Sign Serial I/O A/D Converter 
with MUX, Sample/Hold and Reference 

. Section 2 

Data Acquisition 

ADC10831 10-Bit Plus Sign Serial I/O A/D Converter 
with MUX, Sample/Hold and Reference 

. Section 2 

Data Acquisition 

ADC10832 10-Bit Plus Sign Serial I/O A/D Converter 
with MUX, Sample/Hold and Reference 

.Section 2 

Data Acquisition 

ADC10834 10-Bit Plus Sign Serial I/O A/D Converter 
with MUX, Sample/Hold and Reference 

. Section 2 

Data Acquisition 

ADC10838 10-Bit Plus Sign Serial I/O A/D Converter 
with MUX, Sample/Hold and Reference 

.Section 2 

Data Acquisition 
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ADC12030 Self-Calibrating 12-Bit Plus Sign Serial I/O 

A/D Converter with MUX and Sample/Hold 

ADC12032 Self-Calibrating 12-Bit Plus Sign Serial I/O 

A/D Converter with MUX and Sample/Hold 

ADC12034 Self-Calibrating 12-Bit Plus Sign Serial I/O 

A/D Converter with MUX and Sample/Hold 

ADC12038 Self-Calibrating 12-Bit Plus Sign Serial I/O 

A/D Converter with MUX and Sample/Hold 

ADC12062 12-Bit, 1 MHz, 75 mW A/D Converter with 

Input Multiplexer and Sample/Hold 

ADC12130 Self-Calibrating 12-Bit Plus Sign Serial I/O 

A/D Converter with MUX and Sample/Hold 

ADC12132 Self-Calibrating 12-Bit Plus Sign Serial I/O 

A/D Converter with MUX and Sample/Hold 

ADC12138 Self-Calibrating 12-Bit Plus Sign Serial I/O 

A/D Converter with MUX and Sample/Hold 

ADC12441 Dynamically-Tested Self-Calibrating 12-Bit 

Plus Sign A/D Converter with Sample/Hold 

ADC12451 Dynamically-Tested Self-Calibrating 12-Bit 

Plus Sign A/D Converter with Sample/Hold 

ADC 12662 12-Bit, 1.5 MHz, 200 mW A/D Converter 

with Input Multiplexer and Sample/Hold 

ADC16071 16-Bit Delta-Sigma 192 ks/s 

Analog-to-Digital Converter 

ADC16471 16-Bit Delta-Sigma 192 ks/s 

Analog-to-Digital Converter 

AH0014 Dual DPDT-TTL/DTL Compatible MOS 

Analog Switch 

AH001 5 Quad SPST-TTL/DTL Compatible MOS 

Analog Switch 

AH0019 Dual DPST-TTL/DTL Compatible MOS 

Analog Switch 

AH5010 Monolithic Analog Current Switch 

AH501 1 Monolithic Analog Current Switch 

AH5012 Monolithic Analog Current SyyitOh . 

AH5020C Monolithic Analog Current Switch 

AN-450 Small Outline (SO) Package Surface Mounting 
Methods-Parameters and Their Effect on Product 

Reliability 

AN-450 Small Outline (SO) Package Surface Mounting 
Methods-Parameters and Their Effect on Product 

Reliability 

AN-450 Small Outline (SO) Package Surface Mounting 
Methods-Parameters and Their Effect on Product 

Reliability 

Board Mount of Surface Mount Components 

Board Mount of Surface Mount Components 

Board Mount of Surface Mount Components 

DAC0800 8-Bit D/A Converter 

DAC0801 8-Bit D/A Converter 

DAC0802 8-Bit D/A Converter 


Section 2 

Data Acquisition 

Section 2 

Data Acquisition 

Section 2 

Data Acquisition 

Section 2 

Data Acquisition 

Section 2 

Data Acquisition 

Section 2 

Data Acquisition 

Section 2 

Data Acquisition 

Section 2 

Data Acquisition 

Section 2 

Data Acquisition 

Section 2 

Data Acquisition 

Section 2 

Data Acquisition 

Section 2 

Data Acquisition 

Section 2 

Data Acquisition 

Section 8 

Data Acquisition 

Section 8 

Data Acquisition 

Section 8 
Section 8 
Section 8 
Section 8 
Section 8 

Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 

Section 9 

Data Acquisition 

Section 5 

Power ICs 

Section 5 
Section 5 
Section 5 
Section 9 
Section 3 
Section 3 
Section 3 

Application Specific Analog Products 
Application Specific Analog Products 
Power ICs 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
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Additional Available Linear Devices (continued) 

DAC0806 8-Bit D/A Converter 

. Section 3 

Data Acquisition 

DAC0807 8-Bit D/A Converter 

. Section 3 

Data Acquisition 

DAC0808 8-Bit D/A Converter 

. Section 3 

Data Acquisition 

DAC0830 8-Bit / uP Compatible Double-Buffered D/A 
Converter 

. Section 3 

Data Acquisition 

DAC0831 8-Bit julP Compatible Double-Buffered D/A 
Converter 

. Section 3 

Data Acquisition 

DAC0832 8-Bit julP Compatible Double-Buffered D/A 
Converter 

. Section 3 

Data Acquisition 

DAC0854 Quad 8-Bit Voltage-Output Serial D/A 
Converter with Readback 

. Section 3 

Data Acquisition 

DAC0890 Dual 8-Bit jmP-Compatible D/A Converter . . 

. Section 3 

Data Acquisition 

DAC1006 jmP Compatible, Double-Buffered D/A 
Converter 

.Section 3 

Data Acquisition 

DAC1007 ju,P Compatible, Double-Buffered D/A 
Converter 

. Section 3 

Data Acquisition 

DAC1008 juP Compatible, Double-Buffered D/A 
Converter 

. Section 3 

Data Acquisition 

DAC1020 10-Bit Binary Multiplying D/A Converter 

. Section 3 

Data Acquisition 

DAC1021 10-Bit Binary Multiplying D/A Converter 

. Section 3 

Data Acquisition 

DAC1022 10-Bit Binary Multiplying D/A Converter — 

. Section 3 

Data Acquisition 

DAC1054 Quad 1 0-Bit Voltage-Output Serial D/A 
Converter with Readback 

. Section 3 

Data Acquisition 

DAC1208 12-Bit ju,P Compatible Double-Buffered D/A 
Converter 

. Section 3 

Data Acquisition 

DAC1209 12-Bit juP Compatible Double-Buffered D/A 
Converter . . . 

.Sections 

Data Acquisition 

DAC1210 12-Bit ju,P Compatible Double-Buffered D/A 
Converter 

. Section 3 

Data Acquisition 

DAC1218 12-Bit Binary Multiplying D/A Converter — 

.Section 3 

Data Acquisition 

DAC1219 12-Bit Binary Multiplying D/A Converter — 

.Section 3 

Data Acquisition 

DAC1220 12-Bit Binary Multiplying D/A Converter 

. Section 3 

Data Acquisition 

DAC1222 12-Bit Binary Multiplying D/A Converter — 

. Section 3 

Data Acquisition 

DAC1230 12-Bit juP Compatible Double-Buffered D/A 
Converter — 

. Section 3 

Data Acquisition 

DAC1231 12-Bit jutP Compatible Double-Buffered D/A 
Converter 

. Section 3 

Data Acquisition 

DAC1232 12-Bit jutP Compatible Double-Buffered D/A 
Converter 

. Section 3 

Data Acquisition 

DP7310 Octal Latched Peripheral Driver 

.Section 3 

Application Specific Analog Products 

DP731 1 Octal Latched Peripheral Driver 

. Section 3 

Application Specific Analog Products 

DP8310 Octal Latched Peripheral Driver 

. Section 3 

Application Specific Analog Products 

DP8311 Octal Latched Peripheral Driver 

. Section 3 

Application Specific Analog Products 

DS0026 5 MHz Two Phase MOS Clock Drivers 

. Section 4 

Application Specific Analog Products 

DS1631 CMOS Dual Peripheral Driver 

. Section 3 

Application Specific Analog Products 

DS1632 CMOS Dual Peripheral Driver 

.Section 3 

Application Specific Analog Products 

DS1633 CMOS Dual Peripheral Driver 

. Section 3 

Application Specific Analog Products 

DS1634 CMOS Dual Peripheral Driver 

. Section 3 

Application Specific Analog Products 

DS2003 High Current/Voltage Darlington Driver 

.Section 3 

Application Specific Analog Products 

DS2004 High Current/Voltage Darlington Driver 

. Section 3 

Application Specific Analog Products 

DS3631 CMOS Dual Peripheral Driver 

. Section 3 

Application Specific Analog Products 
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DS3632 CMOS Dual Peripheral Driver Section 3 

DS3633 CMOS Dual Peripheral Driver Section 3 

DS3634 CMOS Dual Peripheral Driver Section 3 

DS3658 Quad High Current Peripheral Driver Section 3 

DS3668 Quad Fault Protected Peripheral Driver Section 3 

DS3680 Quad Negative Voltage Relay Driver Section 3 

DS9667 High Current/Voltage Darlington Driver Section 3 

DS55451 Series Dual Peripheral Driver Section 3 

DS55452 Series Dual Peripheral Driver Section 3 

DS55453 Series Dual Peripheral Driver Section 3 

DS55454 Series Dual Peripheral Driver Section 3 

DS75451 Series Dual Peripheral Driver Section 3 

DS75452 Series Dual Peripheral Driver Section 3 

DS75453 Series Dual Peripheral Driver Section 3 

DS75454 Series Dual Peripheral Driver Section 3 

DS75491 MOS-to-LED Quad Segment Driver Section 4 

DS75492 MOS-to-LED Hex Digit Driver Section 4 

DS75494 Hex Digit Driver Section 4 

Land Pattern Recommendations Section 5 

Land Pattern Recommendations Section 5 

Land Pattern Recommendations Section 9 

LF198 Monolithic Sample and Hold Circuit Section 6 

LF298 Monolithic Sample and Hold Circuit Section 6 

LF398 Monolithic Sample and Hold Circuit Section 6 

LF1 1201 Quad SPST JFET Analog Switch Section 8 

LF1 1 202 Quad SPST JFET Analog Switch Section 8 

LF1 1331 Quad SPST JFET Analog Switch Section 8 

LF1 1 332 Quad SPST JFET Analog Switch Section 8 

LF1 1 333 Quad SPST JFET Analog Switch Section 8 

LF1 3006 Digital Gain Set Section 6 

LF 13007 Digital Gain Set Section 6 

LF13201 Quad SPST JFET Analog Switch Section 8 

LF 13202 Quad SPST JFET Analog Switch Section 8 

LF13331 Quad SPST JFET Analog Switch Section 8 

LF13332 Quad SPST JFET Analog Switch Section 8 

LF13333 Quad SPST JFET Analog Switch Section 8 

LF13508 8-Channel Analog Multiplexer Section 8 

LF13509 4-Channel Differential Analog Multiplexer — Section 8 

LH0070 Series BCD Buffered Reference .Section 4 

LH0071 Series Precision Buffered Reference Section 4 

LH1605 5 Amp, High Efficiency Switching Regulator . . .Section 3 

LM12 80 W Operational Amplifier Section 4 

LM12H454 12-Bit + Sign Data Acquisition System 

with Self-Calibration Section 1 

LM12H458 12-Bit -I- Sign Data Acquisition System 

with Self-Calibration Section 1 

LM12L438 12-Bit + Sign Data Acquisition System with 

Serial I/O and Self-Calibration Section 1 

LM12L454 12-Bit + Sign Data Acquisition System with 
Self-Calibration Section 1 


Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Power ICs 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Power ICs 
Power ICs 

Data Acquisition 

Data Acquisition 

Data Acquisition 

Data Acquisition 
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LM12L458 12-Bit + Sign Data Acquisition System with 
Self-Calibration 

Section 1 

Data Acquisition 

LM34 Precision Fahrenheit Temperature Sensor 

Section 5 

Data Acquisition 

LM35 Precision Centigrade Temperature Sensor 

Section 5 

Data Acquisition 

LM45 SOT-23 Precision Centigrade Temperature 
Sensor 

. Section 5 

Data Acquisition 

LM50 Single Supply Precision Centigrade Temperature 
Sensor 

. Section 5 

Data Acquisition 

LM78LXX Series 3-Terminal Positive Regulators 

Section 1 

Power ICs 

LM78MXX Series 3-Terminal Positive Regulator 

. Section 1 

Power ICs 

LM78S40 Universal Switching Regulator Subsystem . . 

Section 3 

Power ICs 

LM78XX Series Voltage Regulators 

. Section 1 

Power ICs 

LM79LXXAC Series 3-Terminal Negative Regulator. . . 

. Section 1 

Power ICs 

LM79MXX Series 3-Terminal Negative Regulators — 

.Section 1 

Power ICs 

LM79XX Series 3-Terminal Negative Regulators 

. Section 1 

Power ICs 

LM105 Voltage Regulator 

.Section 1 

Power ICs 

LM109 5-Volt Regulator 

.Section 1 

Power ICs 

LM1 13 Reference Diode 

. Section 4 

Data Acquisition 

LM1 1 7 3-Terminal Adjustable Regulator 

.Section 1 

Power ICs 

LM1 17HV 3-Terminal Adjustable Regulator 

Section 1 

Power ICs 

LM120 Series 3-Terminal Negative Regulator 

. Section 1 

Power ICs 

LM122 Precision Timer 

Section 4 Application Specific Analog Products 

LM123 3-Amp, 5-Volt Positive Regulator 

.Section 1 

Power ICs 

LM1 25 Dual Voltage Regulator 

. Section 1 

Power ICs 

LM129 Precision Reference 

Section 4 

Data Acquisition 

LM131 Precision Voltage-to-Frequency Converter — 

Section 2 

Data Acquisition 

LM133 3-Amp Adjustable Negative Regulator 

Section 1 

Power ICs 

LM134 3-Terminal Adjustable Current Source 

Section 4 

Data Acquisition 

LM134 3-Terminal Adjustable Current Source 

Section 5 

Data Acquisition 

LM135 Precision Temperature Sensor 

Section 5 

Data Acquisition 

LM136-2.5V Reference Diode 

Section 4 

Data Acquisition 

LM136-5.0V Reference Diode 

.Section 4 

Data Acquisition 

LM137 3-Terminal Adjustable Negative Regulator — 

.Section 1 

Power ICs 

LM137HV 3-Terminal Adjustable Negative Regulator 
(High Voltage) 

Section 1 

Power ICs 

LM138 5-Amp Adjustable Regulator 

Section 1 

Power ICs 

LM140 Series 3-Terminal Positive Regulator 

Section 1 

Power ICs 

LM140L Series 3-Terminal Positive Regulator 

Section 1 

Power ICs 

LM145 Negative 3-Amp Regulator 

Section 1 

Power ICs 

LM150 3-Amp Adjustable Regulator 

.Section 1 

Power ICs 

LM169 Precision Voltage Reference 

Section 4 

Data Acquisition 

LM185 Adjustable Micropower Voltage Reference 

Section 4 

Data Acquisition 

LM185-1.2 Micropower Voltage Reference Diode — 

.Section 4 

Data Acquisition 

LM 185-2.5 Micropower Voltage Reference Diode 

.Section 4 

Data Acquisition 

LM199 Precision Reference 

.Section 4 

Data Acquisition 

LM205 Voltage Regulator 

Section 1 

Power ICs 

LM231 Precision Voltage-to-Frequency Converter — 

Section 2 

Data Acquisition 

LM234 3-Terminal Adjustable Current Source 

Section 4 

Data Acquisition 

LM234 3-Terminal Adjustable Current Source 

Section 5 

Data Acquisition 

LM235 Precision Temperature Sensor 

Section 5 

Data Acquisition 

LM236-2.5V Reference Diode 

. Section 4 

Data Acquisition 
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Additional Available Linear Devices (Continued) 


LM236-5.0V Reference Diode 

LM285 Adjustable Micropower Voltage Reference . . . 
LM285-1 .2 Micropower Voltage Reference Diode . . . 
LM285-2.5 Micropower Voltage Reference Diode . . . 

LM299 Precision Reference 

LM305 Voltage Regulator 

LM309 5-Volt Regulator 

LM3 13 Reference Diode 

LM31 7 3-Terminal Adjustable Regulator 

LM317HV 3-Terminal Adjustable Regulator 

LM317L 3-Terminal Adjustable Regulator 

LM320 Series 3-Terminal Negative Regulator 

LM320L Series 3-Terminal Negative Regulator 

LM322 Precision Timer 

LM323 3-Amp, 5-Volt Positive Regulator 

LM325 Dual Voltage Regulator 

LM329 Precision Reference 

LM330 3-Terminal Positive Regulator 

LM331 Precision Voltage-to-Frequency Converter . . . 

LM333 3-Amp Adjustable Negative Regulator 

LM334 3-Terminal Adjustable Current Source 

LM334 3-Terminal Adjustable Current Source 

LM335 Precision Temperature Sensor 

LM336-2.5V Reference Diode 

LM336-5.0V Reference Diode 

LM337 3-Terminal Adjustable Negative Regulator . . . 
LM337HV 3-Terminal Adjustable Negative Regulator 

(High Voltage) 

LM337L 3-Terminal Adjustable Regulator 

LM338 5-Amp Adjustable Regulator 

LM340 Series 3-Terminal Positive Regulator 

LM340L Series 3-Terminal Positive Regulator 

LM341 Series 3-Terminal Positive Regulator 

LM345 Negative 3-Amp Regulator 

LM350 3-Amp Adjustable Regulator 

LM368-2.5 Precision Voltage Reference 

LM368-5.0 Precision Voltage Reference 

LM368-10 Precision Voltage Reference 

LM369 Precision Voltage Reference 

LM376 Voltage Regulator 

LM380 Audio Power Amplifier 

LM383 7W Audio Power Amplifier 

LM384 5W Audio Power Amplifier 

LM385 Adjustable Micropower Voltage Reference . . . 
LM385-1.2 Micropower Voltage Reference Diode . . 
LM385-2.5 Micropower Voltage Reference Diode . . , 

LM386 Low Voltage Audio Power Amplifier 

LM387/LM387A Low Noise Dual Preamplifier 

LM388 1 .5W Audio Power Amplifier 

LM389 Low Voltage Audio Power Amplifier with NPN 
Transistor Array 
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Additional Available Linear Devices (Continued) 


LM390 1 W Battery Operated Audio Power Amplifier . . . Section 1 

LM391 Audio Power Driver Section 1 

LM399 Precision Reference Section 4 

LM431 A Adjustable Precision Zener Shunt Regulator . .Section 3 

LM555 Timer Section 4 

LM555C Timer Section 4 

LM556 Dual Timer Section 4 

LM556C Dual Timer Section 4 

LM565 Phase Locked Loop Section 4 

LM565C Phase Locked Loop Section 4 

LM566C Voltage Controlled Oscillator Section 4 

LM567 Tone Decoder Section 4 

LM567C Tone Decoder Section 4 

LM628 Precision Motion Controller Section 4 

LM629 Precision Motion Controller Section 4 

LM723 Voltage Regulator Section 1 

LM831 Low Voltage Audio Power Amplifier Section 1 

LM833 Dual Audio Operational Amplifier Section 1 

LM837 Low Noise Quad Operational Amplifier Section 1 

LM903 Fluid Level Detector Section 3 

LM1036 Dual DC Operated Tone/Volume/Balance 

Circuit Section 1 

LM1042 Fluid Level Detector Section 3 

LM1131 Dual Dolby B-Type Noise Reduction 

Processor Section 1 

LM1 201 Video Amplifier System Section 2 

LM1202 230 MHz Video Amplifier System Section 2 

LM1203 RGB Video Amplifier System Section 2 

LM1203A 150 MHz RGB Video Amplifier System Section 2 

LM1203B 100 MHz RGB Video Amplifier System Section 2 

LM1204 150 MHz RGB Video Amplifier System Section 2 

LM1205 130 MHz RGB Video Amplifier System with 

Blanking Section 2 

LM1207 85 MHz RGB Video Amplifier System with 

Blanking Section 2 

LM1208 130 MHz RGB Video Amplifier System with 

Blanking Section 2 

LM1209 100 MHz RGB Video Amplifier System with 

Blanking Section 2 

LM1 21 2 230 MHz Video Amplifier System with OSD 

Blanking Section 2 

LM1281 85 MHz RGB Video Amplifier System with On 

Screen Display (OSD) Section 2 

LM1291 Video PLL System for Continuous Sync 

Monitors Section 2 

LM1295 DC Controlled Geometry Correction System 

for Continuous Sync Monitors Section 2 

LM1391 Phase-Locked Loop Section 2 

LM1496 Balanced Modulator-Demodulator Section 4 

LM1575 SIMPLE SWITCHER 1 A Step-Down Voltage 
Regulator Section 3 


Application Specific Analog Products 
Application Specific Analog Products 
Data Acquisition 
Power ICs 

Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
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Power ICs 
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Application Specific Analog Products 

Application Specific Analog Products 

Application Specific Analog Products 

Application Specific Analog Products 

Application Specific Analog Products 

Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 

Power ICs 
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Additional Available Linear Devices (Continued) 


LM1575HV SIMPLE SWITCHER 1 A Step-Down 

Voltage Regulator i Section 3 

LM1 577 SIMPLE SWITCHER Step-Up Voltage 

Regulator Section 3 

LM1577 SIMPLE SWITCHER Step-Up Voltage 

Regulator Section 3 

LM1578A Switching Regulator Section 3 

LM1596 Balanced Modulator-Demodulator . .Section 4 

LM 181 5 Adaptive Variable Reluctance Sensor 

Amplifier Section 3 

LM1 81 9 Air-Core Meter Driver Section 3 

LM1823 Video IF Amplifier/PLL Detector System Section 2 

LM 1830 Fluid Detector .Section 3 

LM1851 Ground Fault Interrupter Section 4 

LM 1865 Advanced FM IF System Section 4 

LM1868 AM/FM Radio System Section 4 

LM1875 20W Audio Power Amplifier Section 1 

LM1876 Dual 20W Audio Power Amplifier with Mute 

and Standby Modes . . — Section 1 

LM1877 Dual Audio Power Amplifier Section 1 

LM1881 Video Sync Separator Section 2 

LM 1 882 Programmable Video Sync Generator Section 2 

LM1893 Carrier-Current Transceiver Section 4 

LM1894 Dynamic Noise Reduction System DNR® Section 1 

LM1896 Dual Audio Power Amplifier Section 1 

LM1921 1 Amp Industrial Switch Section 3 

LM1 946 Over/Under Current Limit Diagnostic Circuit . . Section 3 

LM1949 Injector Drive Controller Section 3 

LM1950 750 mA High Side Switch Section 3 

LM1951 Solid State 1 Amp Switch Section 3 

LM1971 ju,Pot 62 dB Digitally Controlled Audio 

Attenuator with Mute Section 1 

LM1972 /a P ot 2-Channel 78 dB Audio Attenuator with 

Mute Section 1 

LM1973 juPot 3-Channel 76 dB Audio Attenuator with 

Mute Section 1 

LM241 6 Triple 50 MHz CRT Driver Section 2 

LM2416C Triple 50 MHz CRT Driver Section 2 

LM241 8 T riple 30 MHz CRT Driver Section 2 

LM241 9 T riple 65 MHz CRT Driver Section 2 

LM2427 Triple 80 MHz CRT Driver Section 2 

LM2524D Regulating Pulse Width Modulator Section 3 

LM2574 SIMPLE SWITCHER 0.5A Step-Down Voltage 

Regulator Section 3 

LM2574HV SIMPLE SWITCHER 0.5A Step-Down 

Voltage Regulator Section 3 

LM2575 SIMPLE SWITCHER 1 A Step-Down Voltage 

Regulator — Section 3 

LM2575HV SIMPLE SWITCHER 1 A Step-Down 
Voltage Regulator Section 3 


Power ICs 


Power ICs 
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Power ICs 

Application Specific Analog Products 


Application Specific Analog 
Application Specific Analog 
Application Specific Analog 
Application Specific Analog 
Application Specific Analog 
Application Specific Analog 
Application Specific Analog 
Application Specific Analog 
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Application 
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Additional Available Linear Devices (continued) 

LM2576 SIMPLE SWITCHER 3A Step-Down Voltage 

Regulator 

LM2576HV SIMPLE SWITCHER 3A Step-Down 

. Section 3 

Power ICs 

Voltage Regulator 

LM2577 SIMPLE SWITCHER Step-Up Voltage 

. Section 3 

Power ICs 

Regulator 

LM2577 SIMPLE SWITCHER Step-Up Voltage 

. Section 3 

Power ICs 

Regulator 

. Section 3 

Application Specific Analog Products 

LM2578A Switching Regulator 

. Section 3 

Power ICs 

LM2587 SIMPLE SWITCHER 5A Flyback Regulator . . .Section 3 
LM2876 High-Performance 40W Audio Power Amplifier 

Power ICs 

with Mute 

. Section 1 

Application Specific Analog Products 

LM2877 Dual 4W Audio Power Amplifier 

. Section 1 

Application Specific Analog Products 

LM2878 Dual 5W Audio Power Amplifier 

. Section 1 

Application Specific Analog Products 

LM2879 Dual 8W Audio Power Amplifier 

. Section 1 

Application Specific Analog Products 

LM2889 TV Video Modulator 

. Section 2 

Application Specific Analog Products 

LM2893 Carrier-Current Transceiver 

.Section 4 

Application Specific Analog Products 

LM2896 Dual Audio Power Amplifier 

.Section 1 

Application Specific Analog Products 

LM2907 Frequency to Voltage Converter 

. Section 3 

Application Specific Analog Products 

LM291 7 Frequency to Voltage Converter 

. Section 3 

Application Specific Analog Products 

LM2925 Low Dropout Regulator with Delayed Reset . . 

. Section 3 

Application Specific Analog Products 

LM2925 Low Dropout Regulator with Delayed Reset . . 

.Section 2 

Power ICs 

LM2926 Low Dropout Regulator with Delayed Reset . . 

.Section 2 

Power ICs 

LM2926 Low Dropout Regulator with Delayed Reset . . 

.Section 3 

Application Specific Analog Products 

LM2927 Low Dropout Regulator with Delayed Reset . . 

.Section 3 

Application Specific Analog Products 

LM2927 Low Dropout Regulator with Delayed Reset . . 

. Section 2 

Power ICs 

LM2930 3-Terminal Positive Regulator 

. Section 2 

Power ICs 

LM2931 Series Low Dropout Regulators 

. Section 2 

Power ICs 

LM2931 Series Low Dropout Regulators 

. Section 3 

Application Specific Analog Products 

LM2935 Low Dropout Dual Regulator 

. Section 3 

Application Specific Analog Products 

LM2935 Low Dropout Dual Regulator 

. Section 2 

Power ICs 

LM2936 Ultra-Low Quiescent Current 5V Regulator . . . 

. Section 2 

Power ICs 

LM2936 Ultra-Low Quiescent Current 5V Regulator . . . 

. Section 3 

Application Specific Analog Products 

LM2937 500 mA Low Dropout Regulator 

. Section 3 

Application Specific Analog Products 

LM2937 500 mA Low Dropout Regulator 

. Section 2 

Power ICs 

LM2940/LM2940C 1A Low Dropout Regulators 

. Section 2 

Power ICs 

LM2940/LM2940C 1 A Low Dropout Regulators 

LM2941 /LM2941 C 1 A Low Dropout Adjustable 

. Section 3 

Application Specific Analog Products 

Regulators . 

. Section 2 

Power ICs 

LM2984 Microprocessor Power Supply System 

.Section 2 

Power ICs 

LM2984 Microprocessor Power Supply System 

.Section 3 

Application Specific Analog Products 

LM2990 Negative Low Dropout Regulator 

. Section 2 

Power ICs 

LM2991 Negative Low Dropout Adjustable Regulator . 

. Section 2 

Power ICs 

LM3001 Primary-Side PWM Driver 

. Section 3 

Power ICs 

LM3101 Secondary-Side PWM Controller 

. Section 3 

Power ICs 

LM3411 Precision Secondary Regulator/ Driver 

LM3420-4.2, -8.4, -12.6 Lithium-Ion Battery Charge 

.Section 3 

Power ICs 

Controller 

.Section 2 

Power ICs 

LM3524D Regulating Pulse Width Modulator 

. Section 3 

Power ICs 

LM3578A Switching Regulator 

. Section 3 

Power ICs 


xxiii 




Additional Available Linear Devices (Continued) 


LM3875 High Performance 56W Audio Power 

Amplifier Section 1 

LM3876 High Performance 56W Audio Power Amplifier 

with Mute Section 1 

LM3886 High-Performance 68W Audio Power Amplifier 

with Mute Section 1 

LM3905 Precision Timer Section 4 

LM3909 LED Flasher/Oscillator Section 4 

LM3914 Dot/Bar Display Driver Section 4 

LM3915 Dot/Bar Display Driver Section 4 

LM3916 Dot/Bar Display Driver Section 4 

LM3940 1 A Low Dropout Regulator for 5V to 3.3V 

Conversion Section 2 

LM3999 Precision Reference Section 4 

LM4040 Precision Micropower Shunt Voltage 

Reference Section 4 

LM4041 Precision Micropower Shunt Voltage 

Reference Section 4 

LM4431 Micropower Shunt Voltage Reference Section 4 

LM4700 OvertureTM 30W Audio Power Amplifier with 

Mute and Standby Modes Section 1 

LM4860 1 W Audio Power Amplifier with Shutdown 

Mode Section 1 

LM4861 y 2 W Audio Power Amplifier with Shutdown 

Mode Section 1 

LM4862 350 mW Audio Power Amplifier with Shutdown 

Mode Section 1 

LM4880 Dual 200 mW Audio Power Amplifier with 

Shutdown Mode Section 1 

LM6104 Quad Gray Scale Current Feedback 

Amplifier Section 2 

LM6121 Highspeed Buffer Section 2 

LM6125 High Speed Buffer Section 2 

LM6142 Dual High Speed/Low Power 17 MHz 

Rail-to-Rail Input-Output Operational Amplifier Section 1 

LM6144 Quad High Speed/Low Power 17 MHz 

Rail-to-Rail Input-Output Operational Amplifier Section 1 

LM6152 Dual High Speed/Low Power 45 MHz 

Rail-to-Rail I/O Operational Amplifier Section 2 

LM6154 Quad High Speed/Low Power 45 MHz 

Rail-to-Rail I/O Operational Amplifier — Section 2 

LM6161 High Speed Operational Amplifier Section 2 

LM6162 High Speed Operational Amplifier Section 2 

LM6164 High Speed Operational Amplifier . . Section 2 

LM6165 High Speed Operational Amplifier Section 2 

LM6171 Voltage Feedback Low Distortion Low Power 

Operational Amplifier Section 2 

LM6181 100 mA, 100 MHz Current Feedback 

Amplifier Section 2 

LM6182 Dual 100 mA Output, 100 MHz Dual Current 
Feedback Amplifier Section 2 


Application Specific Analog Products 

Application Specific Analog Products 

Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 

Power ICs 
Data Acquisition 

Data Acquisition 

Data Acquisition 
Data Acquisition 

Application Specific Analog Products 

Application Specific Analog Products 

Application Specific Analog Products 

Application Specific Analog Products 

Application Specific Analog Products 

Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 

Application Specific Analog Products 

Application Specific Analog Products 

Application Specific Analog Products 

Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 

Application Specific Analog Products 

Application Specific Analog Products 

Application Specific Analog Products 
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Additional Available Linear Devices (continued) 

LM6221 High Speed Buffer 

Section 2 

Application Specific Analog Products 

LM6225 High Speed Buffer 

Section 2 

Application Specific Analog Products 

LM6261 High Speed Operational Amplifier 

Section 2 

Application Specific Analog Products 

LM6262 High Speed Operational Amplifier 

Section 2 

Application Specific Analog Products 

LM6264 High Speed Operational Amplifier 

Section 2 

Application Specific Analog Products 

LM6265 High Speed Operational Amplifier 

Section 2 

Application Specific Analog Products 

LM6321 High Speed Buffer 

Section 2 

Application Specific Analog Products 

LM6325 High Speed Buffer 

Section 2 

Application Specific Analog Products 

LM6361 High Speed Operational Amplifier 

Section 2 

Application Specific Analog Products 

LM6362 High Speed Operational Amplifier 

Section 2 

Application Specific Analog Products 

LM6364 High Speed Operational Amplifier 

Section 2 

Application Specific Analog Products 

LM6365 High Speed Operational Amplifier 

Section 2 

Application Specific Analog Products 

LM7131 Tiny High Speed Single Supply Operational 
Amplifier 

Section 2 

Application Specific Analog Products 

LM71 71 Very High Speed High Output Current Voltage 
Feedback Amplifier 

Section 2 

Application Specific Analog Products 

LM7800C Series 3-Terminal Positive Regulator 

Section 1 

Power ICs 

LM8305 STN LCD Display Bias Voltage Source 

Section 2 

Application Specific Analog Products 

LM9044 Lambda Sensor Interface Amplifier 

Section 3 

Application Specific Analog Products 

LM9061 Power MOSFET Driver with Lossless 
Protection 

Section 3 

Application Specific Analog Products 

LM9140 Precision Micropower Shunt Voltage 
Reference 

Section 4 

Data Acquisition 

LM12434 12-Bit + Sign Data Acquisition System with 
Serial I/O and Self-Calibration 

Section 1 

Data Acquisition 

LM 12454 12-Bit + Sign Data Acquisition System with 
Self-Calibration 

Section 1 

Data Acquisition 

LM12458 12-Bit + Sign Data Acquisition System with 
Self-Calibration 

. Section 1 

Data Acquisition 

LM18293 Four Channel Push-Pull Driver 

. Section 4 

Power ICs 

LMC555 CMOS Timer 

. Section 4 

Application Specific Analog Products 

LMC567 Low Power Tone Decoder 

. Section 4 

Application Specific Analog Products 

LMC568 Low Power Phase-Locked Loop 

.Section 4 

Application Specific Analog Products 

LMC835 Digital Controlled Graphic Equalizer 

. Section 1 

Application Specific Analog Products 

LMC1982 Digitally-Controlled Stereo Tone and Volume 
Circuit with Two Selectable Stereo Inputs 

. Section 1 

Application Specific Analog Products 

LMC1983 Digitally-Controlled Stereo Tone and Volume 
Circuit with Three Selectable Stereo Inputs 

. Section 1 

Application Specific Analog Products 

LMC1992 Digitally-Controlled Stereo Tone and Volume 
Circuit with Four-Channel Input-Selector 

.Section 1 

Application Specific Analog Products 

LMC6008 8 Channel Buffer 

. Section 2 

Application Specific Analog Products 

LMC7660 Switched Capacitor Voltage Converter 

.Section 3 

Power ICs 

LMD18200 3A, 55V H-Bridge 

.Section 4 

Power ICs 

LMD18201 3A, 55V H-Bridge 

. Section 4 

Power ICs 

LMD18245 3A, 55V DMOS Full-Bridge Motor Driver . . 

. Section 4 

Power ICs 

LMD18400 Quad High Side Driver 

. Section 3 

Application Specific Analog Products 

LMF40 High Performance 4th-Order Switched 
Capacitor Butterworth Low-Pass Filter 

. Section 7 

Data Acquisition 

LMF60 High Performance 6th-Order Switched 
Capacitor Butterworth Low-Pass Filter 

. Section 7 

Data Acquisition 

LMF90 4th-Order Elliptic Notch Filter 

.Section 7 

Data Acquisition 
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Additional Available Linear Devices (continued) 

LMF100 High Performance Dual Switched Capacitor 
Filter 

. Section 7 

Data Acquisition 

LMF380 Triple One-Third Octave Switched Capacitor 
Active Filter 

. Section 7 

Data Acquisition 

LP2950/A-XX Series of Adjustable Micropower 
Voltage Regulators 

. Section 3 

Application Specific Analog Products 

LP2950/A-XX Series of Adjustable Micropower 
Voltage Regulators 

.Section 2 

Power ICs 

LP2951 /A-XX Series of Adjustable Micropower 
Voltage Regulators 

. Section 2 

Power ICs 

LP2951 / A-XX Series of Adjustable Micropower 
Voltage Regulators 

. Section 3 

Application Specific Analog Products 

LP2952 Adjustable Micropower Low-Dropout Voltage 
Regulator 

. Section 2 

Power ICs 

LP2953 Adjustable Micropower Low-Dropout Voltage 
Regulator 

.Section 2 

Power ICs 

LP2954 5V Micropower Low-Dropout Voltage 
Regulator 

.Section 2 

Power ICs 

LP2956 Dual Micropower Low-Dropout Voltage 
Regulator 

.Section 2 

Power ICs 

LP2957 5V Low-Dropout Regulator for ju,P 
Applications 

. Section 2 

Power ICs 

LP2980 Micropower SOT, 50 mA Ultra Low-Dropout 
Regulator 

.Section 2 

Power ICs 

MF4 4th Order Switched Capacitor Butterworth 
Lowpass Filter 

.Section 7 

Data Acquisition 

MF5 Universal Monolithic Switched Capacitor Filter. . . 

. Section 7 

Data Acquisition 

MF6 6th Order Switched Capacitor Butterworth 
Lowpass Filter 

.Section 7 

Data Acquisition 

MF8 4th Order Switched Capacitor Bandpass Filter . . . 

. Section 7 

Data Acquisition 

MF10 Universal Monolithic Dual Switched Capacitor 
Filter — 

. Section 7 

Data Acquisition 

MM5368 CMOS Oscillator Divider Circuit 

. Section 4 

Application Specific Analog Products 

MM5369 17 Stage Oscillator/ Divider 

. Section 4 

Application Specific Analog Products 

MM5450 LED Display Driver 

. Section 4 

Application Specific Analog Products 

MM5451 LED Display Driver 

. Section 4 

Application Specific Analog Products 

MM5452 Liquid Crystal Display Driver 

.Section 4 

Application Specific Analog Products 

MM5453 Liquid Crystal Display Driver 

. Section 4 

Application Specific Analog Products 

MM5480 LED Display Driver 

. Section 4 

Application Specific Analog Products 

MM5481 LED Display Driver 

. Section 4 

Application Specific Analog Products 

MM5483 Liquid Crystal Display Driver 

. Section 4 

Application Specific Analog Products 

MM5484 16-Segment LED Display Driver 

. Section 4 

Application Specific Analog Products 

MM5486 LED Display Driver 

. Section 4 

Application Specific Analog Products 

MM58241 High Voltage Display Driver — 

.Section 4 

Application Specific Analog Products 

MM58341 High Voltage Display Driver 

. Section 4 

Application Specific Analog Products 

MM58342 High Voltage Display Driver 

. Section 4 

Application Specific Analog Products 

Packing Considerations (Methods, Materials and 
Recycling) 

. Section 5 

Application Specific Analog Products 

Packing Considerations (Methods, Materials and 
Recycling) 

. Section 5 

Power ICs 
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Packing Considerations (Methods, Materials and 

Recycling) Section 9 

Recommended Soldering Profiles — Surface Mount — Section 9 
Recommended Soldering Profiles — Surface Mount — Section 5 
Recommended Soldering Profiles — Surface Mount — Section 5 


Data Acquisition 
Data Acquisition 
Power ICs 

Application Specific Analog Products 
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LM6142 Dual and LM6144 Quad High Speed/Low Power 17 MHz Rail-to-Rail Input-Output 

Operational Amplifiers 1 -504 

LM6152 Dual/LM6154 Quad High Speed/Low Power 45 MHz Rail-to-Rail Input-Output 

Operational Amplifiers 1-515 

LM61 61 /LM6261 /LM6361 High Speed Operational Amplifiers 1-516 

LM6162/LM6262/LM6362 High Speed Operational Amplifiers 1-523 

LM61 64/LM6264/LM6364 High Speed Operational Amplifiers 1-531 

LM6165/LM6265/LM6365 High Speed Operational Amplifiers 1-539 

LM6171 Voltage Feedback Low Distortion Low Power Operational Amplifier 1-546 

LM61 81 1 00 mA, 1 00 MHz Current Feedback Amplifier 1 -560 

LM61 82 Dual 1 00 mA Output, 1 00 MHz Dual Current Feedback Amplifier 1 -577 

LM631 3 High Speed, High Power Operational Amplifier 1 -598 

LM71 21 Tiny Very High Speed Low Power Voltage Feedback Amplifier 1 -607 

LM7131 Tiny High Speed Single Supply Operational Amplifier 1-608 

LM71 71 Very High Speed High Output Current Voltage Feedback Amplifier 1 -630 

LM13600 Dual Operational Transconductance Amplifier with Linearizing Diodes and Buffers . 1-631 

LM13700/LM13700A Dual Operational Transconductance Amplifiers with Linearizing Diodes 

and Buffers 1 -649 

LMC660 CMOS Quad Operational Amplifier 1 -669 

LMC662 CMOS Dual Operational Amplifier 1-679 

LMC6001 Ultra Ultra-Low Input Current Amplifier 1-689 

LMC6022 Low Power CMOS Dual Operational Amplifier 1-699 

LMC6024 Low Power CMOS Quad Operational Amplifier 1-711 

LMC6032 CMOS Dual Operational Amplifier 1-722 

LMC6034 CMOS Quad Operational Amplifier 1 -732 

LMC6041 CMOS Single Micropower Operational Amplifier 1-742 

LMC6042 CMOS Dual Micropower Operational Amplifier 1-753 

LMC6044 CMOS Quad Micropower Operational Amplifier 1 -763 

LMC6061 Precision CMOS Single Micropower Operational Amplifier 1-773 

LMC6062 Precision CMOS Dual Micropower Operational Amplifier 1-783 

LMC6064 Precision CMOS Quad Micropower Operational Amplifier 1-793 

LMC6081 Precision CMOS Single Operational Amplifier 1-803 

LMC6082 Precision CMOS Dual Operational Amplifier 1-813 

LMC6084 Precision CMOS Quad Operational Amplifier 1 -823 

LMC6462 Dual/LMC6464 Quad Micropower, Rail-to-Rail Input and Output CMOS 

Operational Amplifier 1-833 

LMC6482 CMOS Dual Rail-to-Rail Input and Output Operational Amplifier 1 -847 

LMC6484 CMOS Quad Rail-to-Rail Input and Output Operational Amplifier 1 -864 
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LMC6492 Dual/LMC6494 Quad CMOS Rail-to-Rail Input and Output Operational Amplifier ... 1 -880 

LMC6574 Quad/LMC6572 Dual Low Voltage (2.7V and 3V) Operational Amplifier . 1-893 

LMC6582 Dual/LMC6584 Quad Low Voltage, Rail-to-Rail Input and Output CMOS 

Operational Amplifier 1-902 

LMC6681 Single/LMC6682 Dual/LMC6684 Quad Low Voltage, Rail-to-Rail Input and Output 

CMOS Amplifier with Powerdown 1 -903 

LMC7101 Tiny Low Power Operational Amplifier with Rail-to-Rail Input and Output 1-904 

LMC71 1 1 Tiny CMOS Operational Amplifier with Rail-to-Rail Input and Output 1-920 

LPC660 Low Power CMOS Quad Operational Amplifier 1-921 

LPC661 Low Power CMOS Operational Amplifier 1-933 

LPC662 Low Power CMOS Dual Operational Amplifier 1-945 

OP07 Low Offset, Low Drift Operational Amplifier 1-957 

TL081 Wide Bandwidth JFET Input Operational Amplifier 1 -962 

TL082 Wide Bandwidth Dual JFET Input Operational Amplifier 1 -969 
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National 


Semiconductor 


Operational Amplifiers 
Definition of Terms 


Bandwidth: That frequency at which the voltage gain is re- 
duced to 1 /y[2 times the low frequency value. 
Common-Mode Rejection Ratio: The ratio of the input 
common-mode voltage range to the peak-to-peak change in 
input offset voltage over this range. 

Harmonic Distortion: That percentage of harmonic distor- 
tion being defined as one-hundred times the ratio of the 
root-mean-square (rms) sum of the harmonics to the funda- 
mental. % harmonic distortion = 

(V22 -I- V32 + V42 + . . .)1/2 (100) 

VI 

where VI is the rms amplitude of the fundamental and V2, 
V3, V4, . . . are the rms amplitudes of the individual harmon- 
ics. 

Input Bias Current: The average of the two input currents. 
Input Common-Mode Voltage Range (or Input Voltage 
Range): The range of voltages on the input terminals for 
which the amplifier is operational. Note that the specifica- 
tions are not guaranteed over the full common-mode volt- 
age range unless specifically stated. 

Input Impedance: The ratio of input voltage to input current 
under the stated conditions for source resistance (Rs) and 
load resistance (Rj_). 

Input Offset Current: The difference in the currents into 
the two input terminals when the output is at zero. 

Input Offset Voltage: That voltage which must be applied 
between the input terminals through two equal resistances 
to obtain zero output voltage. 

Input Resistance: The ratio of the change in input voltage 
to the change in input current on either input with the other 
grounded. 


Large-Signal Voltage Gain: The ratio of the output voltage 
swing to the change in input voltage required to drive the 
output from zero to this voltage. 

Output Impedance: The ratio of output voltage to output 
current under the stated conditions for source resistance 
(Rs) and load resistance (R[_). 

Output Resistance: The small signal resistance seen at the 
output with the output voltage near zero. 

Output Voltage Swing: The peak output voltage swing, re- 
ferred to zero, that can be obtained without clipping. 

Offset Voltage Temperature Drift: The average drift rate 
of offset voltage for a thermal variation from room tempera- 
ture to the indicated temperature extreme. 

Power Supply Rejection: The ratio of the change in input 
offset voltage to the change in power supply voltages pro- 
ducing it. 

Settling Time: The time between the initiation of the input 
step function and the time when the output voltage has set- 
tled to within a specified error band of the final output volt- 
age. 

Slew Rate: The internally-limited rate of change in output 
voltage with a large-amplitude step function applied to the 
input. 

Supply Current: The current required from the power sup- 
ply to operate the amplifier with no load and the output mid- 
way between the supplies. 

Transient Response: The closed-loop step-function re- 
sponse of the amplifier under small-signal conditions. 

Unity Gain Bandwidth: The frequency range from dc to the 
frequency where the amplifier open loop gain rolls off to 
one. 

Voltage Gain: The ratio of output voltage to input voltage 
under the stated conditions for source resistance (Rs) and 
load resistance (R|_). 


1-5 


Operational Amplifiers— Definition of Terms 



Operational Amplifier Selection Guides 


National Semiconductor 

General Purpose Operational 

Amplifier Selection Guide 

Automotive Temperature Range ( - 40°C to + 85°C) Specs at T* = 25°C (Note 1) 

Part # 

Vos 

mV (Max) 

•b 

nA (Max) 

GBW 

MHz(Typ) 

Slew 

Rate 

V/fiS (Typ) 

Supply 
Current 
(Note 3) 
mA (Max) 

Specified 

Supply 

Voltage 

Special 

Features 

Min 

V 

Max 

V 

LM6142A 

1 

250 

17 

25 

0.8 

2.7 

24 

R-R In-Out Dual 

LM6144A 

i 

250 

17 

25 

0.8 

2.7 

24 

R-R In-Out Quad 

LM6142B 

2.5 

300 

17 

25 

0.8 

2.7 

24 

R-R In-Out Dual 

LM6144B 

2.5 

300 

17 

25 

0.8 

2.7 

mm 

R-R In-Out Quad 

LM833 

5 

1000 

15 

7 

4 

10 

30 

Dual Low Noise 

LP2902 

4 

20 

Q.1 

0.05 

0.031 

3 

26 

Quad 

LM2902 

7 

250 

1 

0.5 

0.75 

5 

26 

Quad 

LM2904 

7 

250 

1 

0.5 

1.0 

5 

26 

Dual 

LM2924 

7 

250 

1 

0.5 

1.0 

5 

26 

Comparator + Op Amp 

Industrial Temperature Range (-25°C to +85°C) Specs at Ta = 25°C (Note 1) 

Part # 

Vos 

mV (Max) 

«B 

nA (Max) 

GBW 

MHz (Typ) 

Slew 

Rate 

V/jus (Typ) 

Supply 
Current 
(Note 3) 
mA (Max) 

Specified 

Supply 

Voltage 

Special 

Features 

Min 

V 

Max 

V 

LM208A 

0.5 

2 

1 

0.3 

0.6 

10 

40 


LMIOB(L) 

2 

20 

0.09 

0.1 

0.4 

(Note 4) 

Op Amp + Reference 

LM201A 

2 

75 

1 

0.5 

2.5 

10 

40 


LM207 

2 

75 

1 

0.5 

2.5 

10 

40 

Compensated LM201 A 

LM208 

2 

2 

1 

0.3 

0.6 

10 

40 


LM224A 

3 

80 

1 

0.5 

0.75 

5 

30 

Quad 

LM258A 

3 

80 

1 

0.5 

1.0 

3 

32 

Dual 

LF255 

5 

0.1 

2.5 

5 

4 

30 

40 


LF256 

5 

0.1 

5 

12 

7 

30 

40 


LF257 

5 

0.1 

20 

50 

7 

30 

40 

Minimum Gain of 5 

Egg 

5 

150 

1 

0.5 

0.75 

5 

30 

Quad 

wSm 

5 

150 

1 

0.5 

1.0 

5 

30 

Dual 

LM246 

6 

250 

1.2 

0.4 

0.625 

3 

30 

(Note 5) 

LM248 

6 

200 

1 

0.5 

1.13 

10 

30 

Quad 

LH0042C 

20 

0.05 

1 

3 

4 

10 

40 


LM6132 

0.25 

110 

7 

22 

0.4 

2.7 

24 

R-R In-Out Dual 

LM6134 

0.25 

110 

7 

22 

0.4 

2.7 

24 

R-R In-Out Quad 
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General Purpose Operational Amplifier Selection Guide (Continued) 


Commercial Temperature Range (0°C to + 70°C) Specs at Ta = 25°C (Notes 1 and 2) 


Part # 

Vos 

mV (Max) 

•b 

nA (Max) 

GBW 

MHz(Typ) 

Slew 

Rate 

V/fAS (Typ) 

Supply 
Current 
(Note 3) 
mA (Max) 

Specified 

Supply 

Voltage 

Special 

Features 

Min 

V 

Max 

V 

LF411A 

0.5 

0.2 

4 

15 

2.8 

10 

40 


LF441A 

0.5 

0.05 

1 

1 

0.25 

10 

40 


LM308A 

0.5 

7 

1 

0.3 

0.8 

10 

40 


LM11C 

0.6 

0.1 

0.8 

0.3 

0.8 

5 

40 


LF412A 

1 

CM 

o 

4 

15 

2.8 

mm 

40 

Dual 

LF442A 

1 

0.05 

1 

1 

0.2 

mm 


Dual 

LM604AC 

1 

50 

7 

3 

9 

mm 


Multiplexed Op Amp 

LF355A 

2 

0.05 

2.5 

5 

4 

J^iii 



LF356A 

2 

0.05 

5 

12 

10 

30 

36 


LF357A 

2 

0.05 

20 

50 

10 

30 

36 

Minimum Gain of 5 

LF411 

2 

0.2 

4 

15 

3.4 

10 

30 


LF412 

3 

0.2 

4 

15 

3.3 



Dual 

LM324A 

3 

100 

1 

0.5 

0.75 

5 

30 

Quad 

LM358A 

3 

100 

1 

0.5 

1.0 

5 

30 

Dual 

LM604C 

3 

80 

7 

7 

4.5 

10 

32 

Multiplexed Op Amp 

LM741E 

3 

80 

1.5 

0.7 

2.8 

10 

40 


LMIOC(L) 

4 

30 

0.09 

0.1 

0.5 

(Note 4) 

Op Amp + Reference 

LP324 

4 

10 

0.1 

0.05 

0.0375 

5 

30 


LF347B 

5 

0.2 

4 

13 

2.8 

10 

30 

Quad 

LF355B 

5 

0.1 

2.5 

5 

4 

30 

40 


LF356B 

5 

0.1 

5 

12 

4 

30 

40 


LF357B 

5 

0.1 

20 

50 

7 

30 

40 


LF441 

5 

0.1 

1 

1 

0.25 

10 

30 


LF442 

5 

0.1 

1 

1 

0.25 

10 

HSU 

Dual 

LM11CL 

5 

0.2 

0.8 

0.3 

0.8 

5 

m 


LF451 

5 

0.2 

4 

13 

3.4 

10, 

KB 

SO Pkg 

LF453 

5 

0.2 

4 

13 

3.25 


KB 

SO Pkg Dual 

LM611 

5 

35 

0.8 

0.7 

0.35 

2.8 

32 

Op Amp + Ref 

LM613 

5 

35 

0.8 

0.7 

0.25 



2 Op Amps + 

2 Comparators + Ref 
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Operational Amplifier Selection Guides 


General Purpose Operational Amplifier Selection Guide (Continued) 


Commercial Temperature Range (0°C to +70°C) (Notes 1 and 2) (Continued) 


Part # 

Vos 

mV (Max) 

•b 

nA (Max) 

GBW 

MHz(Typ) 

Slew 

Rate 

V/jas (Typ) 

Supply 
Current 
(Note 3) 
mA (Max) 

Specified 

Supply 

Voltage 

Special 

Features 

Min 

V 

Max 

V 

LM614 

5 

35 

0.8 

0.7 

0.25 

2.8 

32 

Quad Op Amp + Ref 

LM392 

5 

250 

1 

0.5 

1 

5 



LM346 

6 

250 

1.2 

0.4 

0.63 

mm 


(Note 5) 

LM348 

6 

200 

1 

0.5 

1.13 

mm 

30 


LM349 

6 

200 

4 

2 

1.13 

10 

30 


LM741C 

6 

500 

1.5 

0.5 

2.8 

10 

40 


LM1458 

6 

500 

* 

* 

2.8 

30 

30 


LM4250C 

6 

75 

0.2 

0.2 

0.1 

3 

30 

(Note 5) 

LM324 

7 

250 

1 

0.5 

0.75 

5 

30 

Quad, Low Cost 

LM358 

7 

250 

1 

0.5 

1.0 

5 

30 

Dual 

LM301A 

7.5 

250 

1 

0.5 

3 

10 

30 

Vcm to v+ 

LM307 

7.5 

250 

1 

0.5 

3 

10 

30 

Compensated LM301A 

LM308 

7.5 

7 

1 

0.3 

0.8 

10 

36 


LM343 

8 

40 

1 

2.5 

5 

56 

68 


LF347 

10 

0.2 

4 

13 

2.75 

10 

30 

Quad 

LF351 

10 

0.2 

4 

13 

3.4 

mm 



LF353 

10 

0.2 

4 

13 

5.4 

mm 

30 

Dual 

LF355 

10 

0.2 

2.5 

5 

4 

mm 



LF356 

10 

0.2 

5 

12 

10 

■a 

30 


LF357 

10 

0.2 

20 

50 

10 

mm 


Minimum Gain of 5 

LF444 

10 

0.1 

1 

1 

0.25 

mm 

Hvf|f 

Quad 

TL081C 

15 

0.2 

4 

13 

2.8 

10 

30 


TL082C 

15 

0.2 

4 

13 

2.8 

12 

30 

Dual 


*Not Specified. 

Note 1: Datasheet should be referred to for test conditions and more detailed information. 

Note 2: Those looking for a commercial part should also look at the Industrial Temp Range guide as many Hybrids are listed there. 

Note 3: Supply current is per amplifier. 

Note 4: The LM10 has 2 versions: one a high voltage part, good to 45V and a low voltage part, good to 7V. Refer to the datasheet for more information. 

Note 5: The LM146 and LM4250 are programmable amplifiers. The data shown is for Vs = ± 15V and Iset = 10 juA Refer to the datasheets for more information. 
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General Purpose Operational Amplifier Selection Guide (continued) 

Military Temperature Range (-55°C to + 125°C) Specs at T* = 25°C (Note 1) 

Part # 

Vos 

mV (Max) 

■b 

nA (Max) 

GBW 

MHz(Typ) 

Slew 

Rate 

V/ /as (Typ) 

Supply 
Current 
(Note 3) 
mA (Max) 

Specified 

Supply 

Voltage 

Special 

Features 

Min 

V 

Max 

V 

LF411AM 

0.5 

0.2 

4 

15 

2.8 

10 

40 


LF441AM 

0.5 

0.05 

1 

1 

0.2 

10 

40 


LM108A 

0.5 

2 

1 

0.3 

0.6 

10 

40 


LF412A 

1 


4 

15 

2.8 

12 

40 

Dual 

LF442A 

1 

0.05 

i 

1 

0.2 

12 

40 

Dual 

LH0004 

1 

100 

10 

* 

0.15 

10 

80 

High Voltage 

LM604A 

1 

50 

7 

2 

4.5 

10 

32 

Multiplexed Op Amp 

LF155A 

2 

0.05 

2.5 

5 

4 

30 

40 


LF156A 

2 

0.05 

5 

12 

7 

30 

40 


LF157A 

2 

0.05 

20 

50 

7 

30 

40 

Minimum Gain of 5 

LF411M 

2 

0.2 

4 

15 

3.4 

10 

30 


LM10 

2 

20 

0.09 

0.1 

0.4 

1.2 

40 

Op Amp + Reference 

LM101A 

2 

75 

1 

0.5 

3 

10 

40 

V CM toV+ 

LM107 

2 

100 

1 

0.5 

3 

10 

40 

Compensated LM101A 

LM108 

2 

2 

1 

0.3 

0.6 

10 

40 


LM124A 

2 

50 

1 

0.5 

0.75 

5 


Quad 

LM158A 

2 

50 

1 

0.5 

0.5 


30 

Dual 

LP124 

2 

4 

0.1 

0.05 

0.035 

5 

30 

Quad 

LF412 

3 

0.2 

4 

15 

3.25 

12 


Dual 

LM741A 

3 

80 

1.5 

0.7 

2.8 


■ 


LF155 

5 

0.1 

2.5 

5 

4 


mm 


LF156 

5 

0.1 

5 

12 

7 

30 

40 


LF157 

5 

0.1 

20 

50 

7 

30 

40 

Minimum Gain of 5 

LF147 

5 

0.2 

4 

13 

2.75 



Quad 

LF442 

5 

0.1 

1 

1 

0.25 

10 

40 

Dual 

LF444A 

5 

50 

1 

1 

0.20 

10 

40 

Quad 

LM124 

5 

150 

1 

0.5 

0.75 

5 

30 

Quad 
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Operational Amplifier Selection Guides 


General Purpose Operational Amplifier Selection Guide (continued) 

Military Temperature Range (-55°C to + 125°C) Specs at Ta = 25°C (continued) 

Part # 

Vos 

mV (Max) 

■b 

nA (Max) 

GBW 

MHz(Typ) 

Slew 

Rate 

V/jas (Typ) 

Supply 
Current 
(Note 3) 
mA (Max) 

Specified 

Supply 

Voltage 

Min Max 

V V 

Special 

Features 

LM143 

5 

20 

1 

2.5 

4 

56 

80 

High Voltage 

LM146 

5 

100 

1.2 

0.4 

0.55 

3 

30 

(Note 5) 


Quad 


Minimum Gain of 5, Quad 
Dual 









National Semiconductor 

Low Input Current Selection Guide 

<25 fA 

<100 fA 

<5 pA* 

<20 pA 

<50 pA 

<100 pA 

<200 pA 

<500 pA 

T a = 25°C 

LMC6001 A** 

LMC6001 B** 

LMC660* 

LH0042 

LH0032A 

LH0032 

TL081 

LH0032C 



LMC662* 

LH0042C 

LF1 55A/156A 

LF155/156 

LH0032AC 

LH4004 



LMC6041 * 


LF157A 

LF157 

LF351 




LMC6042* 


LF355A/356A 

LF255/256 

LF411 A/411 




LMC6044* 


LF357A 

LF257 

LF355/356 




LMC6062* 


LF441A 

LF355B/356B 

LF357 




LMC6082* 


LF442A 

LF357B 

LF1 47/ 347B/347 




LPC660* 


LF444A 

LF441 

LF353 




LPC661* 


LM1 1 

LF442 

LF412A/412 




LPC662* 



LF444 

LM11CL 




LMC6061 * 



LM11C 

LMC6022* 




LMC6081 * 



LH0101 

LMC6024* 




LMC6064* 




LMC6032* 




LMC6084* 




LMC6034* 




LMC6482* 




LH4104 




LMC6484* 




LH4104C 




LMC6001C 








LMC6462 








LMC6464 








LMC6492 








LMC6494 








LMC6572 








LMC6574 








LMC6584 








LMC6681 








LMC6682 








LMC6684 








LMC7101 








LMC7111 






Note: Datasheet should be referred to for conditions and more detailed information. 

‘Guaranteed over industrial temperature range (-40°C to + 85°C). Typical value is ^ 40 fA. 

**100 percent tested and guaranteed. 
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Operational Amplifier Selection Guides 


National Semiconductor 

High Speed Operational 

Amplifier Selection Guide 

Part # 

Slew Rate 
V/|xS (Typ) 

GBW 

MHz (Typ) 

Vos 

mV (Max) 

*S 

mA (Max) 
(Note 1) 

Notes 

GBW ^ 4 MHz, T a = 25°C | 

LM7171A 

4100 

200 

1 

8.5 

High Output Current, Voltage Feedback 

LM6171A 

3600 

100 

3 

4 

Low Power, Voltage Feedback 

LM7171 

4100 

200 

3 

8.5 

High Output Current, Voltage Feedback 

LM6171 

3600 

100 

6 

4 

Low Power, Voltage Feedback 


3600 

100 

1 

4 

Dual Low Power, Voltage Feedback 

IHSSE9H 

2000 

100 

7.0 

10 

Current Feedback, VIP 

LM7121A 

1000 

200 

3 

5 

Low Power, Voltage Feedback 

LM7121 

1000 

200 

6 

5 

Low Power, Voltage Feedback 

LH0024 

500 

70 

4 

15 


LH0032 

500 

70 

5 

20 

FET Input 

LM6161 

300 

50 

7 

6.8 

Unity Gain Stable, VIPtm 


300 

100 

5 

6.8 

Min Gain of 2, VIP 

■ 

300 

175 

4 

6.8 

Min Gain of 5, VIP 


300 

725 

3 

6.8 

Min Gain of 25, VIP 


250 

35 

20 

11.5 

Hi Speed Hi Power, Dual 

LM6218A 

140 

17 

1 

3.5 

Fast Settling Dual, VIP 

LM6218 

140 

17 

3 

3.5 

Fast Settling Dual, VIP 

LH0003 

2-70 

10-30 

3 


External Compensation 

LM118 

70 

15 

4 

7 


LF157A 

50 

20 

2 

7 

Min Gain of 5, JFET 

LM359 

30 

30 

* 

11 

Dual Current Mode (Norton) Amp 

LM6152 

30 

45 

2.5 

1.5 

R-R In-Out, Dual 

LM6154 

30 

45 

2.5 

1.5 

R-R In-Out, Quad 

LM6142A 

25 

17 

1.0 

0.8 

Low Power, R-R In-Out, Dual 

LM6144A 

25 

17 

1.0 

0.8 

Low Power, R-R In-Out, Quad 

LF411A 

15 

4 

0.5 

1.4 

JFET 

LF412A 

15 

4 

1.0 

2.8 

Dual JFET 

LF147 

13 

4 

5 

2.75 

Quad JFET 

LF451 

13 

4 

5 

3.4 

SO Pkg 

LF453 

13 

4 

5 

3.25 

SO Pkg Dual 

LF351 

13 

4 

10 

3.4 

JFET 

LF353 

13 

4 

10 

3.3 

Dual JFET 

LF156A 

12 

5 

2 

7 

JFET 

LM833 

7 

15 

5 

4 

Dual Low Noise 

*Not specified. 

Note 1: Supply current is per amplifier in a package. 
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National Semiconductor 

Precision Operational Amplifier Selection Guide 

Part # 

Vos 

mV (Max) 

>B 

nA (Max) 

GBW 

MHz(typ) 

Slew 

Rate 

V/jxs (Typ) 

Supply 
Current 
(Note 1) 
mA (Max) 

Notes 

Singles 

LMC6081A 

0.35 

0.00001 * 

1.3 

1.5 

0.750 

Low power 

LMC6061 A 

0.35 

0.00001 * 

0.1 

0.035 

0.024 

Micropower 

LM308A 

0.5 

7 

1 

0.3 

0.8 


LM208A 

0.5 

2 

1 

0.3 

0.6 


LM108A 

0.5 

2 

1 

0.3 

0.6 


LF441A 

0.5 

0.05 

1 

1 

0.2 


LF411A 

0.5 

0.2 

4 

15 

2.8 


LM11C 

0.6 

0.1 

0.8 

0.3 

0.8 


LMC6081 

0.8 

0.00001* 

1.3 

1.5 

0.750 

Low power 

LMC6061 

0.8 

0.00001* 

0.1 

0.035 

0.032 

Micropower 

Duals 

LMC6082A 

0.35 

0.00001* 

1.3 

0.75 

0.75 

Dual LMC6081A 

LMC6062A 

0.35 

0.00001* 

0.1 

0.019 

0.019 

Dual LMC6061A 

LMC6482A 

0.5 

0.00002* 

1.3 

1 

0.50 

Rail to Rail Input/Output 

LMC6082 

0.8 

0.00001* 

1.3 

1.5 

0.75 

Dual LMC6081 

LMC6062 

0.8 

0.00001* 

0.1 

0.035 

0.023 

Dual LMC6061 

Quads 

LMC6084A 

0.35 

0.00001 * 

1.3 

1.5 

0.75 

Quad LMC6081A 

LMC6064A 

0.35 

0.00001* 

0.1 

0.035 

0.019 

Quad LMC6061A 

LMC6484A 

0.5 

0.00002* 

1.3 

1 

0.50 

Rail to Rail Input/Output 

LMC6084 

0.8 

0.00001* 

1.3 

1.5 

0.75 

Quad LMC6081 

LMC6064 

0.8 

0.00001* 

0.1 

0.35 

0.029 

Quad LMC6061 

"Typical Value 







Note 1: Supply current is per amplifier. 
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Operational Amplifier Selection Guides 


N at ion a l S e mi c o n d u c t o r 

MicroPower/Low Power Operational 

Amplifier Selection Guide 

Part # 

•s 

Typ 

(per Amp) 

Vos 

mV 

Max 

>B 

fA 

Typ 

VcM 

V 

Typ 

Output Swing 

V 

Typ with RL= 100 kfl 

GBW 

MHz 

Typ 

Spe< 

Su[ 

Vol 

Min 

V 

Jlfied 

>ply 

tage 

Max 

V 

Specs at Ta = 25°C and Vs = + 5V 

Singles 

LMC6041A 

14 

3 

2 

-0.4 to 3.1 

0.004 to 4.987 

0.075 

5 

15 

LMC6041 

14 

6 

2 

-0.4 to 3.1 

0.004 to 4.987 

0.075 

5 

15 

LMC6061A 

20 

0.35 

10 

-0.4 to 3.1 

0.005 to 4.995 

0.1 

5 

15 

LMC6061 

20 

0.8 

10 

-0.4 to 3.1 

0.005 to 4.995 

0.1 

5 

15 

LPC661A 

55 

3 

2 

-0.4 to 3.1 

0.004 to 4.987 

0.35 

5 

15 

LPC661 

55 

6 

2 

-0.4 to 3.1 

0.004 to 4.987 

0.35 

5 

15 

LMC6081A 

450 

0.35 

10 

-0.4 to 3.1 

0.02 to 4.98 

1.3 

5 

15 

LMC6081 

450 

0.8 

10 

-0.4 to 3.1 

0.02 to 4.98 

1.3 

5 

15 

LMC6681A 

700 

1 

80 

-0.3 to 5.3 

0.05 to 4.9 

1.2 

1.8 

10 

LMC6681 

700 

3 

80 

-0.3 to 5.3 

0.05 to 4.9 

1.2 

1.8 

10 

Duals 

LMC6042A 

10 

3 

2 

-0.4 to 3.1 

0.004 to 4.987 

0.1 

5 

15 

LMC6042 

10 

6 

2 

-0.4 to 3.1 

0.004 to 4.987 

0.1 

5 

15 

LMC6062A 

16 

0.35 

10 

-0.4 to 3.1 

0.005 to 4.995 

0.1 

5 

15 

LMC6062 

16 

0.8 

10 

-0.4 to 3.1 

0.005 to 4.995 

0.1 

5 

15 

LMC6462A 

20 

0.5 

150 

-0.2 to 5.3 

0.005 to 4.995 

0.05 

73 

15 

LMC6462 

20 

3 

150 

-0.2 to 5.3 

0.005 to 4.995 

0.05 

3 

15 

LPC662A 

43 

3 

2 

-0.4 to 3.1 

0.004 to 4.987 

0.35 

5 

15 

LPC662 

43 

6 

2 

-0.4 to 3.1 

0.004 to 4.987 

0.35 

5 

15 

LMC6022 

43 

9 

40 

-0.4 to 3.1 

0.004 to 4.987 

0.35 

5 

15 

LMC662A 

375 

CO 

CM 

-0.4 to 3.1 

0.02 to 4.98 

1.4 

5 

15 

LMC662 

375 

6 

2 

-0.4 to 3.1 

0.02 to 4.98 

1.4 

5 

15 

LMC6032 

375 

9 

40 

-0.4 to 3.1 

0.02 to 4.98 

1.4 

5 

15 

LMC6082A 

450 

0.35 

10 

-0.4 to 3.1 

0.02 to 4.98 

1.3 

5 

15 

LMC6082 

450 

0.8 

10 

-0.4 to 3.1 

0.02 to 4.98 

1.3 

5 

15 

LMC6482A 

500 

0.5 

20 

0 to 5 

0.03 to 4.97 

1.3 



, LMC6482 

500 

3 

20 

0 to 5 

0.03 to 4.97 

1.3 

3 

15 

V LMC6492A 

500 

3 

150 

-0.3 to 5.3 

0.02 to 4.98 

1.5 


15.5 

V LMC6492 

500 

6 

150 

-0.3 to 5.3 

0.02 to 4.98 

1.5 


15.5 
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Operational Amplifier Selection Guides 


National Semiconductor 

Medium and High Power Operational Amplifier 
Selection Guide 0.1 A Output) 

(T a = 25°C, Note 1) 

Part # 

■OUT 

Vos 

*S 

Slew Rate 

PBW (Typ) 


A (Typ) 

mV (Max) 

mA (Max) 

V/pS (Typ) 


LM6181 

0.1 

7.0 

10 

2000 

60 MHz 

LM6182 

0.1 (Dual) 

7.0 

20 

2000 

60 MHz 

LH0041 

0.2 

3 

3.5 

3 

20 kHz 

LH0101A 

2.2 

3 

35 

10 

300 kHz 

LH0101 

2.2 

10 

35 

10 

300 kHz 

LM675 

3 

10 

50 

8 

* 



7 

80 

9 

60 kHz 

LM12C(L) 


15 

120 

9 

60 kHz 

LM7171A 

0.1 

1 

8.5 

4100 

33 MHz 

LM7171 

0.1 

3 

8.5 

4100 

33 MHz 

LM6171A 

0.1 

3 

4 

3600 

28 MHz 

LM6171 

0.1 

6 

4 

3600 

28 MHz 

*Not Specified 






Note 1: Refer to Datasheet for conditions and more detailed information. 




Note 2: Iqut for the LM12 is dependent on the amount of power dissipated in the output transistor. The datasheet should be referred to, to determine amount of 

current available. 
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National Semiconductor 


Low Voltage Selection Guide 


Minimum 
Supply Voltage 


Typical Supply 
Current (per Device) 



Description 


Dual 1 MHz Rail-to-Rail Amp 


Quad 1 MHz Rail-to-Rail Amp 


Tiny PakTM SOT23 1 MHz 
Rail-to-Rail Amp 


Tiny Pak SOT23 35 kHz 
Rail-to-Rail Amp 


Dual Low- Voltage, 1.2 MHz 
Rail-to-Rail Input and Output 
CMOS Amplifier 

Quad Low- Voltage, 1 .2 MHz 
Rail-to-Rail Input and Output 
CMOS Amplifiers 


Single Low- Voltage, 1.2 MHz 
Rail-to-Rail Input and Output 
CMOS Amplifier with Powerdown 


Dual Low-Voltage, 1.2 MHz 
Rail-to-Rail Input and Output 
CMOS Op Amp with Powerdown 


Quad Low-Voltage, 1 .2 MHz 
Rail-to-Rail Input and Output 
CMOS Amplifiers with Powerdown 

Dual 17 MHz Gain-Bandwidth 
Rail-to-Rail Amp 


Quad 17 MHz Gain-Bandwidth 
Rail-to-Rail Amp 


Video Amp in SOT23 Tiny Pak, 
70 MHz Gain-Bandwidth 


Dual 7 MHz Gain-Bandwidth 
Rail-to-Rail Amplifier 


Quad 7 MHz Gain-Bandwidth 
Rail-to-Rail Amplifier 


Dual 45 MHz Gain-Bandwidth 
Rail-to-Rail Amplifier 


Dual 45 MHz Gain-Bandwidth 
Rail-to-Rail Amplifier 
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Operational Amplifier Selection Guides 



National Semiconductor 




Audio Op Amp Selection Guide 


Part 

# 

Description 
Precision Op Amp 

Input Referred 
Noise Voltage 

THD 

Slew 

Rate 

GBW 

PSRR 

Supply 

Range 

Single/ 

Dual/Quad 

Package 
(Pin Count) 

LM833 

Dual Audio Amplifier 

4.5 nV/^/HF 

0.002% 

7 V/ jxs 

15 MHz 

100 dB 

± 18V 


SO(8), 

DIP(8) 

LM837 

Quad Audio Amplifier 

4.5 nV/VRF 

0.0015% 

lOV/jas 

25 MHz 

100 dB 

± 18V 

Quad 

SO(14), 

DIP(14) 

LF347 

Wide Bandwidth JFET 

20 hV/\lHz 

0.02% 

13 V/ jus 

4 MHz 

100 dB 

±18V 

Quad 

DIP(14), 

SO(14) 

LF351 

Wide Bandwidth JFET 

25 hV/VRF 

0.02% 

13V/jns 

4 MHz 

100 dB 

±18V 

Single 

SO(8), 

DIP(8) 

LF353 

Dual LF351 

16 nV/VHF 

0.02% 

13V/ juts 

4 MHz 

100 dB 

± 18V 

Dual 

SO(14), 

DIP(14) 

LF411 

Low Offset, Low Drift JFET 

25 nV/VHF 

0.02% 

15V/ fis 

3 MHz 

100 dB 

± 18V 

Single 

DIP(8) 

LF412 

Dual LF41 1 

25 nV/VHz" 

0.02% 

15V/ jas 

3 MHz 

100 dB 

±18V 

Dual 

DIP(8) 

LF444 

Low Power J FET Quad 

35 nV/VFfe 

0.02% 

IV/jLlS 

1 MHz 

100 dB 

+ 18V 

Quad 

DIP(14), 
SO(1 4) 

LM6142 

High-Speed/Low Power Dual 

1 6 nVA/HF 

0.03% 

5V/ju.s 

17 MHz 

87 dB 

± 1.8V to 24 V 

Dual 

DIP(8), 

SO(8) 

LM6144 

High-Speed/Low Power Quad 

1 6 nV/x/RF 

0.03% 

5V//XS 

17 MHz 

87 dB 

± 1.8V to 24V 

Quad 

DIP(14), 
SO(1 4) 
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National Semiconductor 


Audio Power Amp Selection Guide 



Users Supply Part 
Voltage # 


5V 

(Vs = 6V) 


12V 


14V LM1877 2.0W 

LM2877 2.0W 

LM2878 2.0W 

• LM2879 NA 

20V 

and Above 

(V s = 20V) LM1877 2.0W 

(V s = 20V) LM2877 2.5W 

= ^1/; LM2878 NA 

(Vs = 28V) LM2879 NA 

(V s = ±25V) LM1875 20W 

(V s = ± 35V) LM3875 45W (V s = ± 25V 
(V s = ±35V) LM3876 45W(V S =±25V 
(V s = ± 35V) LM3886 68W(V S =±28V 


Power [THD ^ 1% (Typ)] 
Power Specified as Continuous RMS 


Power [THD <; 10% (Typ)] 
Power Specified as Continuous RMS 


16H 

40 

80 

160 

NA 

1.1W 

1.3W 

NA 

0.55W 

1.75W 

1.3W 

0.75W 

0.55W 

1.75W 

1.3W 

0.75W 

0.55W 

2.0W 

1.3W 

0.75W 

0.85W 

2.5W 

1.75W 

1.0W 

0.85W 

2.75W 

1.75W 

1.0W 

0.85W 

2.75W 

1.75W 

1.0W 

NA 

NA 

2W 

NA 

NA 

2.5W 

3.0W 

NA 

1.75W 

3.7 

4.25W 

2.3W 

NA 

NA 

4.75W 

NA 

NA 

NA 

8W 

NA 

NA 

25W 

30W 

NA 

30W 

56W (V s = ±25V) 

70W 

39W 

30W 

56W (V s = ±25V) 

70W 

39W 

33W 

87W (V s = +28V) 

78W 

41W 
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Operational Amplifier Selection Guides 


National Semiconductor 


Typical THD Ratings 


Typical THD 
Ratings 



THD Measurements 
Conditions 

Po = 1W @ V s = 5V 
Po = 0.5W @ V s = 5V 


Po = 1W @ V s = 5V 
Po = 0.5W @ V s = 5V 
Po = 0.5W @ V s = 6V 


Po = 1W@ V s = 14V 
Po = 1W@ V S = 14V 
Po = 2W @ V s = 22V 
Po = 1W@ V S = 12V 


Po = 1W@ V s = 14V 
Po = 1W@ V s = 1 W 
Po = 2W @ V s = 22V 
Po = 1W@ V s = 12V 
Po = 20W @ V s = ±25V 
Po = 25W @ V s = ±30V 
Po = 40W @ V s = +35V 
Po = 40W @ V s = +35V 
Po = 60W@ V s = ±28V 


Supply 
Range (V) 

2.7V to 5.5V 
2.7V to 5.5V 


Package 
(Pin Count) 



6V to 24V 
6V to 24V 
6V to 32V 
6V to 32V 
16V to 60 V 
20V to 60V 
20V to 84V 
20 V to 84V 
20V to 84V 


DIP(14), SO(1 4) 
SIP(11) 
SIP(11) 
SIP(11) 


DIP(14), SO(14) 
SIP(11) 
SIP(11) 
TO-220(11) 
TO-220(5) 
TO-220(1 1)** 
TO-220(11)** 
TO-220(11)** 
TO-220(1 1)** 


* Isolated packages available. 
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National Semiconductor 


Special Amplifier Selection Guide 


Amplifiers with Added Functions 

Featuring the new Super-BiockTM family, these amplifiers have additional special functions within their packages which help 
minimize the number of components required in an application. These devices are often used in control circuits, power supplies, 
and automatic test systems. 


LM10 

Op Amp and Adjustable Voltage Reference 

LM392 

Op Amp and Comparator 

LM611 

Super-Block Op Amp and Adjustable Voltage Reference 

LM613 

Super-Block Dual Op Amp, Dual Comparator, and Adjustable Voltage Reference 

LM614 

Super-Block Quad Op Amp and Adjustable Voltage Reference 


Transconductance Amplifiers (Voltage In, Current Out) 

These amplifiers provide a transconductance (g m ) proportional to their bias current, which is controlled externally. This program- 
mable gain makes the amplifiers useful in applications such as voltage-controlled amplifiers, current-controlled amplifiers, AGC 
circuits, and voltage multipliers. 


LM3080 

Operational Transconductance Amplifier 

LM 13600 

Dual Operational Transconductance Amplifier 
with Linearizing Diodes and Buffers 

LM 13700 

Improved Dual Operational Transconductance 

Amplifier with Linearizing Diodes and Buffers 


Transimpedance Amplifiers (Current In, Voltage Out) 

Transimpedance amplifiers are widely used to amplify photo-diode signals, and to ground-reference differential voltage signals 
which have high common-mode voltages. The LH0082 was designed to receive and amplify analog and digital signals transmit- 
ted by fiber optics. Like the LM359, the LH0082 can also be used as a video amplifier. The LM2900 series has found popularity 
in filter applications, as well as general-purpose amplifiers. 


LM359 

Dual Current Mode (Norton) Amplifier 

LM2900 

Quad Current Mode (Norton) Amplifier 

LM3900 


LM3301 


LM3401 
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LF147/LF347 



National Semiconductor 


LF147/LF347 Wide Bandwidth 
Quad JFET Input Operational Amplifiers 


General Description 

The LF1 47 is a low cost, high speed quad JFET input opera- 
tional amplifier with an internally trimmed input offset volt- 
age (BI-FET llTM technology). The device requires a low 
supply current and yet maintains a large gain bandwidth 
product and a fast slew rate. In addition, well matched high 
voltage JFET input devices provide very low input bias and 
offset currents. The LF147 is pin compatible with the stan- 
dard LM148. This feature allows designers to immediately 
upgrade the overall performance of existing LF148 and 
LM124 designs. 

The LF147 may be used in applications such as high speed 
integrators, fast D/A converters, sample-and-hold circuits 
and many other circuits requiring low input offset voltage, 
low input bias current, high input impedance, high slew rate 
and wide bandwidth. The device has low noise and offset 
voltage drift. 


Features 

■ Internally trimmed offset voltage 5 mV max 

■ Low input bias current 50 pA 

■ Low input noise current 0.01 pA/>/Hz 

■ Wide gain bandwidth 4 MHz 

■ High slew rate 13 V/jns 

■ Low supply current 7.2 mA 

■ High input impedance lO^a 

■ Low total harmonic distortion Av=10, <0.02% 

Rl_= 10k, V o = 20 Vp-p, BW=20 Hz-20 kHz 

■ Low 1 /f noise corner 50 Hz 

■ Fast settling time to 0.01 % 2 jus 


Simplified Schematic Connection Diagram 


y 4 Quad 


Dual-In-Line Package 




TL/H/5647-1 

Top View 

Order Number LF147J, LF347M, LF347BN, 
LF347N, LF147D/883 or LF147J/883* 

See NS Package Number D14E, J14A, M14A or N14A 


♦Available per SMD #8102306, JM3851 0/1 1906. 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


LF147 

(Note 4) 


LF347B/LF347 

(Note 4) 



LF147 

LF347B/LF347 

Supply Voltage 

±22V 

+ 18V 

Differential Input Voltage 

±38V 

±30V 

Input Voltage Range 

±19V 

+ 15V 

(Note 1) 

Output Short Circuit 1 

Continuous 

Continuous 

Duration (Note 2) 

Power Dissipation 

900 mW 

1000 mW 

(Notes 3 and 9) 

Tj max 

150°C 

150°C 

0jA 

Cavity DIP (D) Package 


80°C/W 

Ceramic DIP (J) Package 


70°C/W 

Plastic DIP (N) Package 


75°C/W 

Surface Mount Narrow (M) 


100°C/W 

Surface Mount Wide (WM) 


85°C/W 


-65°C^T a ^150°C 
260°C 260°C 


Operating Temperature 
Range 

Storage Temperature 
Range 

Lead Temperature 
(Soldering, 10 sec.) 

Soldering Information 
Dual-ln-Line Package 

Soldering (1 0 seconds) 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 21 5°C 

Infrared (1 5 seconds) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

ESD T olerance (Note 1 0) 900V 


DC Electrical Characteristics (Notes) 


Symbol 

Parameter 

Conditions 

LF147 

LF347B 

LF347 

— 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 





Vos 

Input Offset Voltage 

R s = 10kft, T A — 25°C 


1 

5 


3 

5 


5 

10 

mV 



Over Temperature 



8 



7 



13 

mV 

AV 0S /AT 

Average TC of Input Offset 
Voltage 

R s =10kn 


10 



10 



10 


jaV/°C 

•os 

Input Offset Current 

Tj = 25°C, (Notes 5, 6) 

■ 


IBB 

■ 



■ 


100 

pA 



Over Temperature 



13 

■ 





4 

nA 

•b 

Input Bias Current 

Tj = 25°C, (Notes 5, 6) 




■ 



■ 


200 

pA 



Over Temperature 

■ 



■ 



1 


8 

nA 

Rin 

Input Resistance 

Tj = 25°C 










ft 

AvoL 

Large Signal Voltage Gain 

V S =±15V,T A =25°C 
V o =±10V, R L =2 kH 



■ 



■ 

H 



V/mV 



Over Temperature 



■ 



■ 

13 



V/mV 

v 0 

Output Voltage Swing 

V S =±15V, R L =10kH 










V 

VCM 

Input Common-Mode Voltage 
Range 

V S =±15V 



■ 



■ 

a 



V 

V 

CMRR 

Common-Mode Rejection Ratio 

Rg^lO kfi 

a 

100 


80 

100 


m 

100 


dB 

PSRR 

Supply Voltage Rejection Ratio 

(Note 7) 

E9 



Eg 



m 



dB 

•s 

Supply Current 



B9 

D 

□ 

7.2 

11 


Q 

D 

mA 
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LF147/LF347 


AC Electrical Characteristics (Notes) 


Symbol 

Parameter 

Conditions 

LF147 

LF347B 

LF347 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 


Amplifier to Amplifier Coupling 

T a = 25°C, 
f=1 Hz-20 kHz 
(Input Referred) 

i 

-120 

■ 

i 

-120 

■ 

i 

-120 

■ 

dB 


Slew Rate 


B 



B 



8 

13 


V/jLtS 

GBW 

Gain-Bandwidth Product 

V S =±15V,T A = 25 0 C 

Bl 

4 


Q| 

4 


Q| 

4 


MHz 

e n 

Equivalent Input Noise Voltage 

T a = 25°C, R s =iooa f 
f=1000 Hz 

■ 


■ 

■ 


■ 

■ 

20 


nV/^Hz 

■n 

Equivalent Input Noise Current 

Tj = 25°C, f= 1000 Hz 

n 

0.01 


n 

0.01 


n 

0.01 


pAA/Hz 


Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 2: Any of the amplifier outputs can be shorted to ground indefinitely, however, more than one should not be simultaneously shorted as the maximum junction 
temperature will be exceeded. 

Note 3: For operating at elevated temperature, these devices must be derated based on a thermal resistance of 6 ^. 

Note 4: The LF147 is available In the military temperature range -55 °C^Ta^ 1 25°C, while the LF347B and the LF347 are available in the commercial temperature 
range 0 °C^Ta^ 70°C. Junction temperature can rise to Tj max = 150°C. 

Note 5: Unless otherwise specified the specifications apply over the full temperature range and for Vs= ±20V for the LF147 and for V$= ±15V for the LF347B/ 
LF347. Vos. Ib> and Iqs are measured at Vcm = 0- 

Note 6: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pq. Tj=TA+0jA Pd where 0jA is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice from 
V s = ± 5V to ± 15V for the LF347 and LF347B and from V s = + 20V to ± 5V for the LF147. 

Note 8: Refer to RETS147X for LF147D and LF147J military specifications. 

Note 9: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate 
outside guaranteed limits. 

Note 10: Human body model, 1.5 kfl in series with 100 pF. 
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Typical Performance Characteristics 
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Output Voltage Swing 
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Pulse Response R L = 2 kn,c L =iopF 

Small Signal Inverting 



TIME (0.2 ms/DIV) 


TL/H/5647-4 


Small Signal Non-Inverting 



TIME (0.2 ms/DIV) 


TL/H/5647-5 


Large Signal Inverting 


Large Signal Non-Inverting 




TIME (2 jus/DIV) TIME (2 ms/DIV) 

TL/H/5647-6 


Current Limit (Rj_= 100H) 



TL/H/5647-7 


TIME (5/is/DIV) 


TL/H/5647-8 


Application Hints 

The LF147 is an op amp with an internally trimmed input 
offset voltage and JFET input devices (BI-FET II™). These 
JFETs have large reverse breakdown voltages from gate to 
source and drain eliminating the need for clamps across the 
inputs. Therefore, large differential input voltages can easily 
be accommodated without a large increase in input current. 
The maximum differential input voltage is independent of 
the supply voltages. However, neither of the input voltages 


should be allowed to exceed the negative supply as this will 
cause large currents to flow which can result in a destroyed 
unit. 

Exceeding the negative common-mode limit on either input 
will force the output to a high state, potentially causing a 
reversal of phase to the output. Exceeding the negative 
common-mode limit on both inputs will force the amplifier 


i 


1 
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Application Hints (Continued) 


output to a high state, In neither case does a latch occur 
since raising the, input back within the common-mode range 
again puts the input stage and thus the amplifier in a normal 
operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output; however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

The amplifiers will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply; an increase in input offset voltage 
may occur. - 1 

Each amplifier is individually biased by a zener reference 
which allows normal circuit operation on ±4.5V power sup- 
plies. Supply voltages less than these may result in lower 
gain bandwidth and slew rate. 

The LF147 will drive a 2 kfl load resistance to ±10V over 
the full temperature range. If the amplifier is forced to drive 
heavier load currents, however, an increase in input offset 
voltage may occur oh the negative voltage swing and finally 
reach an active current limit on both positive and negative 
swings. / . t 

Precautions should be taken to ensure that the power sup- 
ply for ,the integrated circuit never becomes reversed in po- 


larity or that the unit is not inadvertently installed backwards 
in a socket as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. V : , 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately 6 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. ■ 


Detailed Schematic 



1-28 



Typical Applications Digitally Selectable Precision Attenuator 



Long Time integrator with Reset, Hold and Starting Threshold Adjustment 



• v OUT starts from zero and is equal to the integral of the input voltage with respect to the threshold voltage: 

V0UT=^J*(V|N-VTH><lt 

• Output starts when Vin^Vth 

• Switch SI permits stopping and holding any output value 

• Switch S2 resets system to zero 


TL/H/5647-10 


1 




TL/H/5647-1 1 
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Typical Applications (Continued) 


Universal State Variable Filter 




— 1 

0.001 nf 


N. 


1/4 LF147 * 

10 

r~ 


> “ 




For circuit shown: 

f 0 — 3 kHz, f N OTCH = 9-5 kHz 

Q=3.4 

Passband gain: 

Highpass— 0.1 
Bandpass— 1 
Lowpass — 1 
Notch— 10 


•f o xCK200 kHz 

• 10V peak sinusoidal output swing without slew limiting to 200 kHz 

• See LM148 data sheet for design equations 
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N a t ion a l 


Semiconductor 


LF155/LF156/LF157 Series Monolithic 
JFET Input Operational Amplifiers 


General Description 

These are the first monolithic JFET input operational ampli- 
fiers to incorporate well matched, high voltage JFETs on the 
same chip with standard bipolar transistors (BI-FETtm Tech- 
nology). These amplifiers feature low input bias and offset 
currents/low offset voltage and offset voltage drift, coupled 
with offset adjust which does not degrade drift or common- 
mode rejection. The devices are also designed for high slew 
rate, wide bandwidth, extremely fast settling time, low volt- 
age and current noise and a low 1 /f noise corner. 

Advantages 

■ Replace expensive hybrid and module FET op amps 

■ Rugged JFETs allow blow-out free handling compared 
with MOSFET input devices 

■ Excellent for low noise applications using either high or 
low source impedance — very low 1 /f corner 

■ Offset adjust does not degrade drift or common-mode 
rejection as in most monolithic amplifiers 

■ New output stage allows use of large capacitive loads 
(5,000 pF) without stability problems 

■ Internal compensation and large differential input volt- 
age capability 

Applications 

■ Precision high speed integrators 

■ Fast D/A and A/D converters 

■ High impedance buffers 

■ Wideband, low noise, low drift amplifiers 

■ Logarithmic amplifiers 


■ Photocell amplifiers 

■ Sample and Hold circuits 


Common Features 


(LF155A, LF156A, LF157A) 


Low input bias current 

30 pA 

Low Input Offset Current 

3 pA 

High input impedance 

1012a 

Low input offset voltage 

1 mV 

Low input offset voltage temp, drift 

3 /aV/'C 

Low input noise current 

0.01 pAA/Hz 

High common-mode rejection ratio 

100 dB 

Large dc voltage gain 

106 dB 


Uncommon Features 

LF155A LF156A }f 157 * Units 
(A v = 5) 

■ Extremely 4 1.5 1.5 juts 

fast settling 

time to 
0 . 01 % 

■ Fast slew 


rate 

5 

12 

50 

V/ju,s 

■ Wide gain 
bandwidth 

2.5 

5 

20 

MHz 

■ Low input 

noise voltage 

20 

12 

12 

nV/VHz 


Simplified Schematic 



TL/H/5646-1 
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LF 1 55/LF 1 56/LF1 57 


Absolute Maximum Ratings 


If Military/ Aerospace specified devices are required, contact the National Semiconductor Sales Office/Distributors for 
availability and specifications. 

(Note 8) 



LF155A/6A/7A 

LF155/6/7 

LF355B/6B/7B 

LF255/6/7 

LF355/6/7 

LF355A/6A/7A 

Supply Voltage 

±22V 

±22V 

±22V 

±18V 

Differential Input Voltage 

±40V 

±40V 

±40V 

±30V 

Input Voltage Range (Note 2) 

±20V 

±20V 

±20V 

±16V 

Output Short Circuit Duration 

TjMAX 

Continuous 

Continuous 

Continuous 

Continuous 

H-Package 

150°C 

150°C 

1 1 5°C 

115°C 

N-Package 



100°C 

100°C 

M-Package 

Power Dissipation atT A = 25°C (Notes 1 

and 9) 


100°C 

100°C 

H-Package (Still Air) 

560 mW 

560 mW 

400 mW 

400 mW 

H-Package (400 LF/Min Air Flow) 

1200 mW 

1200 mW 

1000 mW 

1000 mW 

N-Package 



670 mW 

670 mW 

M-Package 

Thermal Resistance (T ypical) 0 ja 



380 mW 

380 mW 

H-Package (Still Air) 

160°C/W 

1 60°C/W 

160°C/W 

160°C/W 

H-Package (400 LF/Min Air Flow) 

65°C/W 

65°C/W 

65°C/W 

65°C/W 

N-Package 



1 30°C/W 

1 30°C/W 

M-Package 
(Typical) 0jc 



195°C/W 

1 95°C/W 

H-Package 

23°C/W 

23°C/W 

23°C/W 

23°C/W 

Storage Temperature Range 

Soldering Information (Lead Temp.) 

— 65°C to +150°C 

— 65°C to + 1 50°C 

-65°Cto +150°C 

— 65°C to +150°C 

Metal Can Package 

Soldering (10 sec.) 

Dual-ln-Line Package 

300°C 

300°C 

300°C 

300°C 

Soldering (10 sec.) 

Small Outline Package 


260°C 

260°C 

260°C 

Vapor Phase (60 sec.) 



215°C 

215°C 

Infrared (1 5 sec.) 



220°C 

220°C 


See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface 
mount devices. 


ESD tolerance 

(100 pF discharged through 1.5 ktt) 1000V 1000V 1000V 1000V 


DC Electrical Characteristics (Note 3) ta = tj = 25°c 





LF155A/6A/7A ! 

I LF355A/6A/7A 1 


Symbol 

Parameter 

Conditions 







Units 

Min 

Typ | 

Max 

Min 

Typ | 

Max 




Vos 

Input Offset Voltage 

R s — 50fl, T A = 25°C 


■ 








Over Temperature 


1 






A Vqs/ AT 

Average TC of Input 
Offset Voltage 

Rs~ 50fl 


3 

5 


D 



ATC/AVqs 

Change in Average TC 

R s = 50a (Note 4) 


0.5 





julV/°C 


with Vqs Adjust 






per mV 

•os 



9BBMM 

mm 

10 


3 

■9 

MM 





IH 

10 

|| 


MM 

MM 

•b 


Tj=25°C, (Notes 3, 5) 





30 


pA 



Tj^T H |GH 

BM 

II 


1 


■ 1 

nA 

Rin 

Input Resistance 

Tj = 25°C 


1012 



1012 


n 


Large Signal Voltage 

Vs=±15V,Ta = 25°C 


200 

■ 



B 

V/mV 


Gain 

V 0 = ± 10V, R L =2k 
Over Temperature 



■ 



■ 

V/mV 


Output Voltage Swing 

V S =±15V, R L = 10k 

±12 



±12 



V 



V s = ± 15V, R L = 2k 

±10 



±10 


mm 

V 
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AC Electrical Characteristics t a = tj = 25-c, v s = ±isv 


Symbol 


SR 


Parameter 


Slew Rate 


Conditions 


LF 155 A/355 A LF156A/356A LF 157 A/ 357 A 

Min I Typ I Max Min I Typ I Max Min I Typ f Max 


LF155A/6A; A v =1, 3 

LF157A;A V = 5 


5 


40 


15 20 




DC Electrical Characteristics (Note 3) 


Symbol 


Vos 


Conditions 


Input Offset Voltage R s = 50fl, T A = 25°C 

Over Temperature 


A Vos/ AT Average TC of Input | Rs = 50 (1 
Offset Voltage 


ATC/ AVos Change in Average TC Rs = 50fl, (Note 4) 
with Vos Adjust 

Input Offset Current Tj = 25°C, (Notes 3, 5) 

T H igh 


Input Bias Current Tj = 25°C, (Notes 3, 5) 

Tj^T H igh 


Input Resistance Tj = 25°C 


Large Signal Voltage V s = ± 1 5 V, T A = 25°C 
Gain V 0 = ± 10V, R L = 2k 

Over Temperature 


Min j Typ Max 

3 5 




30 

100 

50 

1012 



1012 




Output Voltage Swing 

V S =±15V, R L = 10k 
V S =±15V, R L =2k 

±12 

±10 

Input Common-Mode 
Voltage Range 

V S =±15V 

±11 


Common-Mode Rejec- 
tion Ratio 


Supply Voltage Rejec- (Note 6) 
tion Ratio 



100 


85 100 


±11 


85 100 


80 


80 100 
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DC Electrical Characteristics t a = t, = 25°c, v s = ±isv 


Parameter 

LF155A/155, 

LF255, 

LF355A/355B 

LF355 

LF 156 A/ 156, 
LF256/35SB 

LF356A/356 

LF157 A/157 
LF257/357B 

LF357A/357 

Units 

Typ 

Max 

Typ 

Max 

Typ 

Max 

Typ 

Max 

Typ 

Max 

Typ 

Max 

Supply Current 

2 

4 

2 

4 

5 

7 

5 

10 

5 

Z 

5 

10 

mA 


AC Electrical Characteristics t a = tj = 25=c, v s = ±isv 


Symbol 

Parameter 

Conditions 

LF1 55/255/ 
355/355B 

LF1 56/256, 
LF356B 

LF1 56/256/ 
356/356B 

LF157/257, 

LF357B 

LF1 57/257/ 
357/357B 

Units 

Typ 

Min 

Typ 

Min 

Typ 

SR 

Slew Rate 

LF155/6: A v = 1, 

5 

7.5 

12 



V/jULS 



LF157: A v = 5 




30 

50 

V/jAS. 

GBW 

Gain Bandwidth 


2.5 


5 


20 

MHz 


Product 









Settling Time to 0.01 % 

(Note 7) 

4 


1.5 


1.5 

fxS 

e n 

Equivalent Input Noise 

R s =ioon 








Voltage 

f=100 Hz 

25 





nV/VRi 



f= loop Hz 

20 





nVA/Hi 

*n 

Equivalent Input 

f=100 Hz 

0.01 





PA/a/Hz 


Current Noise 

f= 1000 Hz 

0.01 





pA/>/Hz 

C|N 

Input Capacitance 


3 


3 


3 

PF 


Notes for Electrical Characteristics 

Note 1: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by TjMAX> 0jA> and the ambient temperature 
Ta- The maximum available power dissipation at any temperature is Pd = (TjMAX - T A )/0jA or the 25°C PdMAX. whichever is less. 

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 3: Unless otherwise stated, these test conditions apply: 



LF155A/6A/7A 

LF155//6/7 

LF255//6/7 

LF355A/6A/7A 

LF355B/6B/7B 

LF355//6/7 

Supply Voltage, Vs 
J A 

Thigh 

±15V<;V S ^±20V 
-55°C^T a ^ + 125°C 
+ 1 25°C 

±15V£V S <;±20V 
-25°C^T a <; + 85 0 C 
+ 85°C 

±15V^V S <;±18V 
0°C^T a ^+70°C 
+ 70°C 

±15V^V S ±20V 
o°c<^t a <;+70 o c 
+ 70°C 

V S =±15V 
0°C^T a ^+70°C 
+ 70°C 


and Vqs. Ib and Iqs are measured at Vcm=0. 


Note 4: The Temperature Coefficient of the adjusted input offset voltage changes only a small amount (0.5ju,V/°C typically) for each mV of adjustment from its 
original unadjusted value. Common-mode rejection and open loop voltage gain are also unaffected by offset adjustment. 

Note 5: The input bias currents are junction leakage currents which approximately double for every 1 0°C increase in the junction temperature, Tj. Due to limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pd. Tj=T A +0j A Pd where 0j A is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 6: Supply Voltage Rejection is measured for both supply magnitudes increasing or decreasing simultaneously, in accordance with common practice. 

Note 7: Settling time is defined here, for a unity gain inverter connection using 2 kft resistors for the LF155/6. It is the time required for the error voltage (the 
voltage at the inverting input pin on the amplifier) to settle to within 0.01 % of its final value from the time a 10V step input is applied to the jnverter. For the LF157, 
Av= -5, the feedback resistor from output to input is 2 kft and the output step is 10V (See Settling Time Test Circuit). 

Note 8: Refer to RETS155AX for LF155A, RETS155X for LF155, RETS 156 AX for LF156A, RETS156X for LF156, RETS157A for LF157A and RETS157X for 
LF1 57 military specifications. 

Note 9: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate 
outside guaranteed limits. 
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NEGATIVE COMMON-MODE 

INPUT VOLTAGE LIMIT (V) NEGATIVE OUTPUT VOLTAGE SWING IV) PEAK TO PEAK OUTPUT SWING (V) INPUT BIAS CURRENT (pA) 


Typical DC Performance Characteristics 

Curves are for LF155, LF156 and LF157 unless otherwise specified. 


Input Bias Current 


Input Bias Current 


Input Bias Current 


vm 


WA 


ml 


m mKm 
mmamm 


-SB -25 S 35 65 95 125 

CASE TEMPERATURE (°C) 


-55 -25 5 35 65 95 125 

CASE TEMPERATURE (°C) 


-10 -5 0 5 

COMMON-MODE VOLTAGE (V) 


Voltage Swing 


Supply Current 


Supply Current 


5 10 15 20 

SUPPLY VOLTAGE (±V) 


Negative Current Limit 




5 10 15 20 25 

SUPPLY VOLTAGE (±VJ 


Positive Current Limit 


0 5 10 15 20 25 

SUPPLY VOLTAGE (±V) 

Positive Common-Mode 
Input Voltage Limit 


0 5 10 15 20 25 30 35 

OUTPUT SINK CURRENT (mA) 


Negative Common-Mode 
Input Voltage Limit 


-15 |~T A “-55°C^t 
|_T A -25°C^J 


mSmim 

!■■■ 


mk 




0 5 10 15 20 25 30 35 40 

OUTPUT SOURCE CURRENT (mA) 


Open Loop Voltage Gain 


WEM 

11 

mu 

mu 

1 

s 


■30922 

B 

r^* 

wrUHZli 

sKSUSsi 

= 



ssss 


3 

BBS 

B, 


POSITIVE SUPPLY VOLTS (V) 

TL/H/5646-2 

Output Voltage Swing 


LF155/LF156/LF157 





LF155/LF156/LF157 


Typical AC Performance Characteristics 


Gain Bandwidth 


^+^:Vs*±10V“ 
J^V S »±15V_ 
I. V S - +20V 


-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Gain Bandwidth 


ail 

ii^il 


-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Normalized Slew Rate 



-55-35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°G) 

TL/H/5646-4 


Output Impedance 



^ill ^ll'l HIIIIII I 


laimii'KjBi laBiBiiiiil 


Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Output Impedance 


■ffP" ! iiiiji"liii !! ggiiiiii I 


I B ■■■ ■ ■ J 

siiisil 


Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 



Output Impedance 


SSSiiiiiSrjiiililrjBiSiiiSSSSiiiii 

■■min tfff n lliwii 


tom iiiiBgi 



■HUBi! 


Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


LF155 Small Signal Pulse 
Response, Ay= +1 


LF156 Small Signal Pulse 
Response, Ay= + 1 
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Small Signal Pulse 
Response, Ay = + 5 


■~4— 



TIME (0.5 pts/OIV) 


TIME (0.1 p$/DIV) 


LF155 Large Signal Pulse 
Response, Ay = + 1 



LF156 Large Signal Pulse 
Response, Ay = + 1 



LF157 Large Signal Pulse 
Response, Ay = +5 
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Typical AC Performance Characteristics (Continued) 


Inverter Settling Time 



0 0.5 1.0 5 10 


SETTLING TIME (pi) 


Inverter Settling Time 



0.1 i to 


Open Loop Frequency 



10 100 Ik 10k 100k 1M 10M 


SETTLING TIME (pi) 


FREQUENCY (Hz) 



Bode Plot 



1 10 100 


FREQUENCY (MHz) 


Common-Mode Rejection 
Ratio 



10 100 Ik 10k 100k 1M 10M 


Power Supply Rejection Ratio 



Power Supply Rejection Ratio 



100 Ik 10k 100k 1M 10M 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


Undistorted Output Voltage 
Swing 



10k 100k 1M 10M 

FREQUENCY (Hz) 


Equivalent Input Noise 



FREQUENCY (Hz) 


Equivalent Input Noise 



TL/H/5646-1 1 
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LF 1 55/LF1 56/LF 1 57 


Detailed Schematic 



*C = 3 pF in LF157 series. TL/H/5646-13 


Connection Diagrams (Top Views) 


Metal Can Package (H) 


NC 



Order Number LF156AH, LF155H, LF156H, LF255H, 
LF256H, LF257H, LF355AH, LF356AH, 
LF357AH, LF356BH, LF355H, LF356H, 
LF357H, LM155AH/883, LM155H/883, LM156AH/883, 
LM156H/883, LM157AH/883 or LM157H/883* 

See NS Package Number H08C 


Dual-ln-Line Package (M and N) 



TL/H/5646-29 


Order Number LF355M, LF356M, LF357M, LF355BM, 
LF356BM, LF355BN, LF356BN, LF357BN, LF355N, 
LF356N or LF357N 


See NS Package Number M08A or N08E 


♦Available per JM38510/1 1401 or JM38510/1 1402 
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Application Hints 

The LF1 55/6/7 series are op amps with JFET input de- 
vices. These JFETs have large reverse breakdown voltages 
from gate to source and drain eliminating the need for 
clamps across the inputs. Therefore large differential input 
voltages can easily be accomodated without a large in- 
crease in input current. The maximum differential input volt- 
age is independent of the supply voltages. However, neither 
of the input voltages should be allowed to exceed the nega- 
tive supply as this will cause large currents to flow which 
can result in a destroyed unit. 

Exceeding the negative common-mode limit on either input 
will force the output to a high state, potentially causing a 
reversal of phase to the output. Exceeding the negative 
common-mode limit on both inputs will force the amplifier 
output to a high state. In neither case does a latch occur 
since raising the input back within the common-mode range 
again puts the input stage and thus the amplifier in a normal 
operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

These amplifiers will operate with the common-mode input 
voltage equal to the positive supply. In fact, the common- 
mode voltage can exceed the positive supply by approxi- 
mately 1 00 mV independent of supply voltage and over the 
full operating temperature range. The positive supply can 
therefore be used as a reference on an input as, for exam- 
ple, in a supply current monitor and/or limiter. 


Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in 
polarity or that the unit is not inadvertently installed back- 
wards in a socket as an unlimited current surge through the 
resulting forward diode within the 1C could cause fusing of 
the internal conductors and result in a destroyed unit. 

All of the bias currents in these amplifiers are set by FET 
current sources. The drain currents for the amplifiers are 
therefore essentially independent of supply voltage. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pickup” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to ac ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately six 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 


Typical Circuit Connections 


Vqs Adjustment 


Driving Capacitive Loads LF157. A Large Power BW Amplifier 


v + 



• Vos is adjusted with a 25k potenti- 
ometer ’LF155/6 R = 5k 

• The potentiometer wiper is con- LF157 R = 1.25k 

nected to V+ 


TL/H/5646-15 

For distortion ^ 1 % and a 20 Vp-p Vqut swing, 
power bandwidth is: 500 kHz. 


• For potentiometers with tempera- 
ture coefficient of 100 ppm/°C or 
less the additional drift with adjust 
is ~ 0.5 ju,V/°C/mV of adjustment 


Due to a unique output stage design, these am- 
plifiers have the ability to drive large capacitive 
loads and still maintain stability. Cl(maX) — 0.01 
fiF. 


• Typical overall drift: 5 /xV/°C ± (0.5 Overshoot <; 20% 

ju,V/°C/mV of adj.) 

Settling time (t s ) = 5 /as 
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LF155/LF156/LF157 




LF155/LF156/LF157 


Typical Applications 


Settling Time Test Circuit 


2k, 0.1% 



• Settling time is tested with the LF155/6 connected 
as unity gain inverter and LF157 connected for 
A v = -5 

• FET used to isolate the probe capacitance 

• Output = 10V step 

• A v = ~5 for LF157 


TL/H/5646-16 


Large Signal inverter Output, Vqut (from Settling Time Circuit) 


LF355 


LF356 



2 as/DI V 


TL/H/5646-17 


TL/H/5646-18 



1 ais/DIV 


1/a/DIV 

TL/H/5646-19 



LF357 


Low Drift Adjustable Voltage Reference 


2N4118 



• A V 0 ut/AT= ±0.002%/°C 

• All resistors and potentiometers should be wire-wound 

• PI: drift adjust 

• P2: Vqut adjust 

• Use LF155 for 

■ Low Ib 

■ Low drift 

■ Low supply current 
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Typical Applications (Continued) 

Fast Logarithmic Converter 



• Dynamic range: 100 ^ lj ^ 1 mA (5 dec- 

ades), |Vol = 1V/decade 

• Transient response: 3 jas for Alj= 1 decade 

• Cl, C2, R2, R3: added dynamic compensation 

• Vos adjust the LF1 56 to minimize quiescent error 

• R t : Tel Labs type Q81 -I- 0.3%/°C 


R2l kT T R 1 1 

|VoutI = 1 + 7 T- — In Vj — — - — = log Vj — — R2 = 15.7k, Rj = Ik, 0.3% /°C (for temperature compensation) 
RtJ Q LVREFRiJ Ri'r 


Precision Current Monitor 



• V 0 = 5 R1/R2 (V/mAof l s ) 

• R1, R2, R3: 0.1% resistors 

• Use LF1 55 for 

■ Common-mode range to supply range 

■ Low Is 

■ Low V 0 s 

■ Low Supply Current 


8-Bit D/A Converter with Symmetrical Offset Binary Operation 



• R1, R2 should be matched within ±0.05% 

• Full-scale response time: 3ju,s 


EO 

B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

Comments 

+ 9.920 

1 

1 

1 

1 

1 

1 

1 

1 

Positive Full-Scale 

+ 0.040 

1 

0 

0 

0 

0 

0 

0 

0 

(+) Zero-Scale 

-0.040 

0 

1 

1 

1 

1 

1 

1 

1 

(-) Zero-Scale 

-9.920 

0 

0 

0 

0 

0 

0 

0 

0 

Negative Full-Scale 
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LF 1 55/LF 1 56/LF1 57 


Typical Applications (Continued) 

Wide BW Low Noise, Low Drift Amplifier 


C2 



• Power BW: f^AX = — f— =191 kHz 

27 rV P 

• Parasitic input capacitance Cl « (3 pF for LF155, LF156 and LF157 plus 
any additional layout capacitance) interacts with feedback elements and 
creates undesirable high frequency pole. To compensate add C2 such 
that: R2 C2 « R1 Cl. 


Boosting the LF156 with a Current Amplifier 

R2 



• AVout 0.15 

_ = : V/tis (with C L shown) 

AT 10 _<i 


• No additional phase shift added by the current amplifier 


Isolating Large Capacitive Loads 

R2 



• Overshoot 6% TL/H/5646-22 

• t s 1 0 jas 

• When driving large C|_, the Vout slew rate determined by Cl and 
•OUT(MAX): 

AVgyi _ Igyr „ _ o.04 V//is (with C L shown) 

AT Cl 0.5 


Low Drift Peak Detector 



• By adding D1 and Rf, Vqi = 0 during hold mode. Leakage of D2 provided 
by feedback path through Rf. 

• Leakage of circuit is essentially lb (LF155, LF156) plus capacitor leakage 
of Cp. 

• Diode D3 clamps Vqut (A1) to V IN _V D 3 to improve speed and to limit 
reverse bias of D2. 

• Maximum input frequency should be < < y 2 7rRfCD2 where Cq 2 is the 
shunt capacitance of D2. 


3 Decades VCO 



f - p ^RsmiC ’ 0SVca30V ' 10 HZ£K1 ° kHz 

R1, R4 matched. Linearity 0.1% over 2 decades. 


Non-Inverting Unity Gain Operation for LF157 



Inverting Unity Gain 



for LF157 

P-10 > 2 

(2t r) (5 MHz) 



Av(DC) = “1 
f— 3 dB ~ 5 MHz 

TL/H/5646-25 
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Typical Applications (Continued) 


High Impedance, Low Drift Instrumentation Amplifier 

+15V 



> V 0 UT 


V 0 UT 


R3 2R2 
R R1 


TL/H/5646-26 


+ 1 AV, V- + 2V ^ Vin common-mode £ V+ 


System Vos adjusted via A2 Vos adjust 

Trim R3 to boost up CMRR to 120 dB. Instrumentation amplifier 

resistor array recommended for best accuracy and lowest drift 
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LF 1 55/LF1 56/LF157 


Typical Applications (Continued) 


Fast Sample and Hold 



• Both amplifiers (A1 , A2) have feedback loops individually closed with stable responses (overshoot negligible) 

• Acquisition time Ta, estimated by: 

_ T 2Ron. Vin. C h ] Vz provided that: 

Ta “ L — * — J 


V| N < 2irS r Ron Ch and T A > - V| t! C B. . . r on is of swi 
lOUT(MAX) 


If inequality not satisfied: Ta = 


VlN^h 
20 mA 


• LF1 56 develops full S r output capability for V|n^ IV 

• Addition of SW2 improves accuracy by putting the voltage drop across SWI inside the feedback loop 

• Overall accuracy of system determined by the accuracy of both amplifiers, A1 and A2 


TL/H/5646-33 


High Accuracy Sample and Hold 


R1 

51k 



TL/H/5646-27 

• By closing the loop through A2, the Vqut accuracy will be determined uniquely by A1 . 

No Vqs adjust required for A2. 

• T a can be estimated by same considerations as previously but, because of the added 
propagation delay in the feedback loop (A2) the overshoot is not negligible. 

• Overall system slower than fast sample and hold 

• R1 , C c : additional compensation 

• Use LF156 for 

■ Fast settling time 

■ Low Vqs 
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Typical Applications (Continued) 


High Q Band Pass Filter 


ci 

0.001 H F 1 pF 



• By adding positive feedback (R2) 
Q increases to 40 

• f BP =100 kHz 


= ioVq 


Vqut = 

V|N 

» Clean layout recommended 
» Response to a 1 Vp-p tone burst: 


300 jus 


High Q Notch Filter 



• 2R1 = R = 10 MSI 
2C = Cl = 300 pF 

• Capacitors should be matched to obtain high Q 

• ffsiOTCH = ^20 Hz, notch = —55 dB, Q > 
100 

• Use LF155 for 

■ Low l B 

■ Low supply current 
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National Semiconductor 


LF351 Wide Bandwidth JFET Input Operational Amplifier 


General Description 

The LF351 is a low cost high speed JFET input operational 
amplifier with an internally trimmed input offset voltage 
(BI-FET IItm technology). The device requires a low supply 
current and yet maintains a large gain bandwidth product 
and a fast slew rate. In addition, well matched high voltage 
JFET input devices provide very low input bias and offset 
currents. The LF351 is pin compatible with the standard 
LM741 and uses the same offset voltage adjustment circuit- 
ry. This feature allows designers to immediately upgrade the 
overall performance of existing LM741 designs. 

The LF351 may be used in applications such as high speed 
integrators, fast D/A converters, sample-and-hold circuits 
and many other circuits requiring low input offset voltage, 
low input bias current, high input impedance, high slew rate 
and wide bandwidth. The device has low noise and offset 
voltage drift, but for applications where these requirements 
are critical, the LF356 is recommended. If maximum supply 


Typical Connection 

iv 



TL/H/5648-11 


current is important, however, the LF351 is the better 
choice. 


Features 

■ Internally trimmed offset voltage 10 mV 

■ Low input bias current 50 pA 

■ Low input noise voltage 25 nV/VHz 

■ Low input noise current 0.01 pAA/Hz 

■ Wide gain bandwidth 4 MHz 

■ High slew rate 13 V/jits 

■ Low supply current 1 .8 mA 

■ High input impedance 10 12 ft 

■ Low total harmonic distortion Ay =10, <0.02% 

R|_= 10k, V o = 20 Vp-p, BW=20 Hz-20 kHz 

■ Low 1 /f noise corner 50 Hz 

■ Fast settling time to 0.01% 2 jas 


Simplified Schematic 



Connection Diagrams 


Dual-ln-Line Package 



NC 
V + 

OUTPUT 

BALANCE 


Order Number LF351M or LF351N 
See NS Package Number M08A or N08E 


TL/H/5648-13 


1-46 




Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage 

± 18V 

Power Dissipation (Notes 1 and 6) 

670 mW 

Operating Temperature Range 

0°C to +70°C 

T j(MAX) 

1 15°C 

Differential Input Voltage 

±30V 

Input Voltage Range (Note 2) 

± 15V 

Output Short Circuit Duration 

Continuous 

Storage Temperature Range 

— 65°C to + 150°C 

Lead Temp. (Soldering, 10 sec.) 

Metal Can 

300°C 

DIP 

260 °C 


0jA 

N Package 120°C/W 

M Package TBD 

Soldering Information 
Dual-ln-Line Package 

Soldering (10 sec.) 260°C 

Small Outline Package 

Vapor Phase (60 sec.) 21 5°C 

Infrared (15 sec.) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

ESD rating to be determined. 


DC Electrical Characteristics (Note 3) 


Symbol 

Parameter 

Conditions 

LF351 

Units 

Min 

Typ 

Max 





Vos 

Input Offset Voltage 

R s = 10kH,T A = 25°C 


5 

10 

mV 



Over Temperature 



13 

mV 

AV 0S /AT 

Average TC of Input Offset 

Voltage 

R s = 10kn 


10 


jut V/°C 

•os 

Input Offset Current 

Tj = 25°C, (Notes 3, 4) 


25 

100 

pA 



Tj <; 70°C 



4 

nA 

' B 

Input Bias Current 

Tj = 25°C, (Notes 3, 4) 


50 

200 

pA 



Tj ^ ±70°C 



8 

nA 

R|N 

Input Resistance 

Tj = 25°C 


1012 


a 

AvOL 

Large Signal Voltage Gain 

V s = ± 15V, T A =25°C 
V o =±10V, R L =2kH 

25 

100 


V/mV 



Over Temperature 

15 



V/mV 

Vo 

Output Voltage Swing 

V S =±15V, R L =10kH 

±12 

±13.5 


V 

VCM 

Input Common-Mode Voltage 
Range 

V S =±15V 

±11 

+ 15 


V 





-12 


V 

CMRR 

Common-Mode Rejection Ratio 

Rs^iokn 

70 

100 


dB 

PSRR 

Supply Voltage Rejection Ratio 

(Note 5) 

70 

100 


dB 

is 

Supply Current 



1.8 

3.4 

mA 
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LF351 


AC Electrical Characteristics (Note 3) 


Symbol 

Parameter 

Conditions 

LF351 

Units 


Typ 


SR 

Slew Rate 

V s =±15V,T a =25°C 


13 



GBW 

Gain Bandwidth Product 

V S =±15V, T a = 25 0 C 


4 



e n 

Equivalent Input Noise Voltage 

T a = 25°C, Rs=ioon, 
f=1000 Hz 


25 


nVA/Hz 

*n 

Equivalent Input Noise Current 

Tj = 25 0 C, f = 1000 Hz 


0.01 


pAA/Hz 


Note 1: For operating at elevated temperature, the device must be derated based on the thermal resistance, 0 ja- 

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 3: These specifications apply for \Zs~ ±15V and 0 °C^Ta^ + 70°C. Vqs. Ib and Iqs are measured at Vqm “ 0. 

Note 4: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to the limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pq. Tj=TA+0jA Pd where 0jA is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 5: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. From 
± 1 5V to ± 5V. 

Note 6: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate 
outside guaranteed limits. 
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POSITIVE COMMON-MODE INPUT 

UNITY GAIN BANDWIDTH (MHz) NEGATIVE OUTPUT VOLTAGE SWING (V) VOLTAGE LIMIT (V) INPUT BIAS CURRENT (pA) 



10 20 30 40 50 SO 70 

TEMPERATURE (°C) 

0.1 1 10 

FREQUENCY (MHz) 

100 

0 10 20 30 40 50 60 70 

TEMPERATURE ( e C) 




TL/H/5648-2 





OPEN LOOP VOLTAGE GAIN (V/V) COMMON-MOOE REJECTION RATIO (dB) DISTORTION (K) 


£ Typical Performance Characteristics (Continued) 


Distortion vs Frequency 


II 

ll 

Eli 

*ii 

Ewii 

I WBFJSi 


10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Undistorted Output 
Voltage Swing 


■■■llll 

in 


Mill! 


100k 

FREQUENCY (Hz) 


Open Loop Frequency 
Response 


1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Common-Mode 
Rejection Ratio 


CMRR = 20 LOG - j® + OPEN LOOP 
20 I VOLTAGE GAIN I I 


10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Power Supply 


10 100 IK 10k 100k 1M 10M 

FREQUENCY (Hz) 


Equivalent Input 



ii 

iniiiiiiiii 

■ § Him 

n 

iiiiiiiiin 

smHmHNMii 

ii 

iiiiiiiiiii 


II 

iiiiiiiiin 


IS 

li■■lll■■lll 

■■bsnHBhiii 

ii 

iiiiiiiiiii 


ii 

iiiiiiiiiii 


10 100 Ik 10k 

FREQUENCY (Hz) 


Open Loop Voltage 
Gain (V/V) 


I— — — 

ISS&ISSQI 

■ 

■ 

— 




s 

SEES 

ss 

ss 






Output Impedance 




Inverter Settling Time 


iiiiiiiiirdi 
liso/jH 
Illll’.flSIlll 


mmm 

1111111 mEBH 

ihen Iiiiiiiiiii 
■■iiiii ;»imiiiiiii| 
mm kviiimii 
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Pulse Response 


Small Signal Inverting 



TIME (0.2 /xs/OIV) 

TL/H/5648-4 


Large Signal Inverting 



TIME (2 ms/DIV) 

TL/H/5648-6 


Small Signal Non-Inverting 



TIME (0.2 /is/DIV) 


TL/H/5648-5 

Large Signal Non-Inverting 



TIME (2 /is/DIV) 


TL/H/5648-7 


Current Limit (R|_= 100H) 



TIME (5 jlis/DIV) 


TL/H/5648-8 


Application Hints 

The LF351 is an op amp with an internally trimmed input 
offset voltage and JFET input devices (BI-FET IItm). These 
JFETs have large reverse breakdown voltages from gate to 
source and drain eliminating the need for clamps across the 
inputs. Therefore, large differential input voltages can easily 
be accommodated without a large increase in input current. 
The maximum differential input voltage is independent of 
the supply voltages. However, neither of the input voltages 
should be allowed to exceed the negative supply as this will 


cause large currents to flow which can result in a destroyed 
unit. 

Exceeding the negative common-mode limit on either input 
will force the output to a high state, potentially causing a 
reversal of phase to the output. 

Exceeding the negative common-mode limit on both inputs 
will force the amplifier output to a high state. In neither case 
does a latch occur since raising the input back within the 


i 


1 
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Application Hints (Continued) 


common-mode range again puts the input stage and thus 
the amplifier in a normal operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output; however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

The amplifier will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased jn this condition. 
When the negative common-mode voltage Swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 

The LF351 is biased by a zener reference which allows nor- 
mal circuit operation oh ±4V power supplies. Supply volt- 
ages less than these may result in lower gain bandwidth and 
slew rate. 

The LF351 will drive a 2 k ft load resistance to +10V over 
the full temperature range of 0°C to + 70°C. If the amplifier 
is forced to drive heavier load currents, however, an in- 
crease in input offset voltage may occur on the negative 
voltage swing and finally reach an active current limit on 
both positive and negative swings. 

Precautions should be taken to ensure that the power supply 
for the integrated circuit never becomes reversed in polarity 
or that the uriit is not inadvertently installed back- 


wards in a socket as an unlimited current surge through the 
resulting forward diode within the 1C could cause fusing of 
the internal conductors and result in a destroyed unit. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately 6 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 
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Typical Applications 


Supply Current Indicator/Limiter 



• v OUT switches high when RsIs > Vq 


Hi-Z|N Inverting Amplifier 


C2 



Parasitic input capacitance Cl as (3 pF for LF351 
plus any additional layout capacitance) interacts 
with feedback elements and creates undesirable 
high frequency pole. To compensate, add C2 such 
that: R2C2 as R1C1. 


Ultra-Low (or High) Duty Cycle 
Pulse Generator 


Long Time Integrator 



4.8 - 2Vc 

• tOUTPUT HIGH ~ R1C / n — — — 

2V S - 7.8 

• tOUTPUT LOW ~ R2C / n 1 _ 7 

where Vs = V+ + |V~| 

*low leakage capacitor 


V + 



TL/H/5648-10 

*Low leakage capacitor 
• 50k pot used for less sensitive Vqs adjust 



i 

I 
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National Semiconductor 


LF353 Wide Bandwidth Dual 
JFET Input Operational Amplifier 


General Description 

These devices are low cost, high speed, dual JFET input 
operational amplifiers with an internally trimmed input offset 
voltage (BI-FET I|tm technology). They require low supply 
current yet maintain a large gain bandwidth product and fast 
slew rate. In addition, well matched high voltage JFET input 
devices provide very low input bias and offset currents. The 
LF353 is pin compatible with the standard LM1558 allowing 
designers to immediately upgrade the overall performance 
of existing LM1558 and LM358 designs. 

These amplifiers may be used in applications such as high 
speed integrators, fast D/A converters, sample and hold 
circuits and many other circuits requiring low input offset 
voltage, low input bias current, high input impedance, high 
slew rate and wide bandwidth. The devices also exhibit low 
noise and offset voltage drift. 


Features 


■ Internally trimmed offset voltage 

10 mV 

■ Low input bias current 

50pA 

■ Low input noise voltage 

25 nV/>/Hz 

■ Low input noise current 

0.01 pA/>/Hz 

■ Wide gain bandwidth 

4 MHz 

■ High slew rate 

13 V/ jus 

■ Low supply current 

3.6 mA 

■ High input impedance 

1012(1 

■ Low total harmonic distortion Ay =10, 

<0.02% 

RL= 10k, V o = 20Vp-p, BW = 20 Hz-20 kHz 

■ Low 1/f noise corner 

50 Hz 

■ Fast settling time to 0.01 % 

2 jus 


Typical Connection Connection Diagrams 


"i 



Simplified Schematic 


Metal Can Package (Top View) 


v + 



Order Number LF353H 
See NS Package Number H08A 


1/2 Dual 



Dual-In-Line Package (Top View) 



Order Number LF353M or LF353N 
See NS Package Number M08A or N08E 


TL/H/5649-1 
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Absolute Maximum Ratings 

If Military /Aerospace specified devices are required, Lead Temp. (Soldering, 10 sec.) 260°C 

please contact the National Semiconductor Sales Soldering Information 

Office/Distributors for availability and specifications. Dual-ln-Line Package 

Supply Voltage ± 1 8V Soldering (1 0 sec.) 260°C 

Power Dissipation (Notel) Small Outline Package 

Opiating Temp«rati.e Rang. O-CB.TO-O KSSUS"”* 

Tj(MAX) 1 5° C See ^ N _ 45 Q “Surface Mounting Methods and Their Effect 

Differential Input Voltage ±30V on p roc i uc t Reliability” for other methods of soldering sur- 

Input Voltage Range (Note 2) ± 1 5V face mount devices. 

Output Short Circuit Duration Continuous ESD Tolerance (Note 7) 1700V 

Storage Temperature Range - 65°C to + 1 50°C 0 JA M Package TBD 

DC Electrical Characteristics (Note 4) 

Symbol 

Parameter 

Conditions 

LF353 

Units 

Min 

Typ 

Max 


Vos 

Input Offset Voltage 

R s = 10kft, T A =25°C 
Over Temperature 


5 

10 

13 

mV 

mV 

A Vos/ AT 

Average TC of Input Offset Voltage 

R s = 10 kft 


10 


jaV/°C 

los 

Input Offset Current 

Tj = 25°C, (Notes 4, 5) 
Tj^70°C 


25 

100 

4 

pA 

nA 

Ib 

Input Bias Current 

Tj = 25°C, (Notes 4, 5) 
Tj^70°C 


50 

200 

8 

< < 
Q. C 

Rin 

Input Resistance 

Tj = 25°C 


1012 


ft 

AvOL 

Large Signal Voltage Gain 

V s = ± 15V, T a = 25°C 
V 0 = ± 10V, R(_=2 kft 
Over Temperature 

25 

15 

100 


V/mV 

V/mV 

Vo 

Output Voltage Swing 

V S =±15V, R|_=10kft 

±12 

±13.5 


V 

V CM 

Input Common-Mode Voltage 

Range 

V S =±15V 

±11 

+ 15 
-12 


V 

V 

CMRR 

Common-Mode Rejection Ratio 

R s ^ lOkft 

70 

100 


dB 

PSRR 

Supply Voltage Rejection Ratio 

(Note 6) 

70 

100 


dB 

is 

Supply Current 



3.6 

6.5 

mA 

AC Electrical Characteristics (Note 4) 

Symbol 

Parameter 


Conditions 

LF353 | 

Units 


Min 

Typ 

Max 


Amplifier to Amplifier Coupling 

T a = 25°C, f= 1 Hz -20 kHz 
(Input Referred) 


-120 


dB 

SR 

Slew Rate 

V s — ± 15V, T a =25°C 

8.0 

13 


V/jLtS 

GBW 

Gain Bandwidth Product 

V s = ± 1 5V, T a = 25°C 

2.7 

4 


MHz 

e n 

Equivalent Input Noise Voltage 

T a = 25°C, R s = 100ft, 
f=1000 Hz 


16 


nV/jHz 

■n 

Equivalent Input Noise Current 

Tj = 25°C, f = 1000 Hz 


0.01 


pA/VHz 

Note 1: For operating at elevated temperatures, the device must be derated based on a thermal resistance of 1 15°C/W typ junction to ambient for the N package, 
and 1 58°C/W typ junction to ambient for the H package. 

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 3: The power dissipation limit, however, cannot be exceeded. 

Note 4: These specifications apply for Vs= ± 15V and Q°C^Ta^ + 70°C. Vqs. <b and los are measured at Vcm = 0- 

Note 5: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to the limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pq. Tj=TA+0jA Pd where 0 ja is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 6: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. 

V S = ±6V to ±15V. 

Note 7: Human body model, 1.5 kft in series with 100 pF. 
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Typical Performance Characteristics (Continued) 

Distortion vs Frequency 


Undistorted Output Voltage 
Swing 



FREQUENCY (Hz) 


Common-Mode Rejection 
Ratio 




10 15 

SUPPLY VOLTAGE (±V) 



100k 

FREQUENCY (Hz) 


Power Supply Rejection 
Ratio 



IK 10k 100k 1M 10M 

FREQUENCY (Hz) 


Open Loop Voltage Gain (V/V) 


Output Impedance 


1 ' 





SSSKhS 

■rjjMrjjaSr 

B 


gB 

■ 

m 

ii 

HH 


mmmm, 

BBSS 

■i 


100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Open Loop Frequency 
Response 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Equivalent Input Noise 
Voltage 



100 Ik 10k 
FREQUENCY (Hz) 


Inverter Settling Time 



0.1 i 

SETTLING TIME (ms) 


TL/H/5649-3 
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Pulse Response 


Small Signaling Inverting 



TIME (0.2 jus/DIV) 


Small Signal Non-Inverting 



TIME (0.2 ns/DIV) 


TL/H/5649-4 


TL/H/5649-5 


Large Signal Inverting 


IXl 

C9 

<1 



Large Signal Non-Inverting 




TIME (2 ms/DIV) 

TL/H/5649-7 


TIME (2 /is/DIV) 


TL/H/5649-6 


> 

5 

> 


< 

i— 

-j 

o 

> 


TIME (Sus/DIV) 


TL/H/5649-8 



Current Limit (R|_ = 100ft) 


Application Hints 

These devices are op amps with an internally trimmed input 
offset voltage and JFET input devices (BI-FET II). These 
JFETs have large reverse breakdown voltages from gate to 
source and drain eliminating the need for clamps across the 
inputs. Therefore, large differential input voltages can easily 
be accommodated without a large increase in input current. 
The maximum differential input voltage is independent of 
the supply voltages. However, neither of the input voltages 
should be allowed to exceed the negative supply as this will 
cause large currents to flow which can result in a destroyed 
unit. 


Exceeding the negative common-mode limit on either input 
will force the output to a high state, potentially causing a 
reversal of phase to the output. Exceeding the negative 
common-mode limit on both inputs will force the amplifier 
output to a high state. In neither case does a latch occur 
since raising the input back within the common-mode range 
again puts the input stage and thus the amplifier in a normal 
operating mode. 
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Application Hints (Continued) 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output; however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

The amplifiers will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 

Each amplifier is individually biased by a zener reference 
which allows normal circuit operation on ±6V power sup- 
plies. Supply voltages less than these may result in lower 
gain bandwidth and slew rate. 

The amplifiers will drive a 2 kfl load resistance to ± 1 0V 
over the full temperature range of 0°C to + 70°C. If the am- 
plifier is forced to drive heavier load currents, however, an 
increase in input offset voltage may occur on the negative 
voltage swing and finally reach an active current limit on 
both positive and negative swings. 

Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in po- 
larity or that the unit is not inadvertently installed backwards 


in a socket as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately 6 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 


Detailed Schematic 
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Typical Applications (Continued) 


Improved CMRR Instrumentation Amplifier 

V S 



I I 

-*s -Vs' 

SEPARATE 



rh and -i are separate isolated grounds 
Matching of R2's, R4'sand R5's control CMRR 
With A\/j = 1400, resistor matching = 0.01%: CMRR = 136 dB 

• Very high input impedance 

• Super high CMRR 

Fourth Order Low Pass Butterworth Filter 


c 



• Passband gain (H 0 ) = (1 + R4/R3) (1 + R47R3') 

• First stage Q = 1 .31 

• Second stage Q = 0.541 

• Circuit shown uses nearest 5% tolerance resistor values for a filter with a corner frequency of 100 Hz and a passband gain of 100 

• Offset nulling necessary for accurate DC performance 

TL/H/5649-1 1 
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Typical Applications (Continued) 

Fourth Order High Pass Butterworth Filter 


R1 



. Corner frequency (fc) ^ 5 : = Vr 

• Passband gain (Hq= (1 + R4/R3) (1 + R47R3') 

• First stage Q = 1.31 

• Second stage Q = 0.541 

• Circuit shown uses closest 5% tolerance resistor values for a filter with a corner frequency of 1 kHz and a passband gain of 10. 


Ohms to Volts Converter 



Where Rladder is the resistance from switch SI pole to pin 7 of the LF353. 


TL/H/5649-13 
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National Semiconductor 


LF41 1 Low Offset, Low Drift 
JFET Input Operational Amplifier 


General Description 

These devices are low cost, high speed, JFET input opera- 
tional amplifiers with very low input offset voltage and guar- 
anteed input offset voltage drift. They require low supply 
current yet maintain a large gain bandwidth product and fast 
slew rate. In addition, well matched high voltage JFET input 
devices provide very low input bias and offset currents. The 
LF41 1 is pin compatible with the standard LM741 allowing 
designers to immediately upgrade the overall performance 
of existing designs. 

These amplifiers may be used in applications such as high 
speed integrators, fast D/A converters, sample and hold 
circuits and many other circuits requiring low input offset 
voltage and drift, low input bias current, high input imped- 
ance, high slew rate and wide bandwidth. 


Features 


■ Internally trimmed offset voltage 

■ Input offset voltage drift 

■ Low input bias current 

■ Low input noise current 

■ Wide gain bandwidth 

■ High slew rate 

■ Low supply current 

■ High input impedance 

■ Low total harmonic distortion Ay =10, 
R L = 10k, V o = 20 Vp-p, B W = 20 Hz-20 


0.5 mV(max) 
10 jLtV/°C(max) 
50 pA 
0.01 pAA/Rz 
3 MHz(min) 
10V/jits(min) 
1.8 mA 
1012a 
< 0 . 02 % 
kHz 


■ Low 1 /f noise corner 50 Hz 

■ Fast settling time to 0.01 % 2 jus 


Typical Connection 


Ordering Information Connection Diagrams 


"f 



LF411XYZ 

X indicates electrical grade 
Y indicates temperature range 
“M” for military 
“C” for commercial 
Z indicates package type 
“H” or “N” 


Simplified Schematic 



TL/H/5655-6 


Metal Can Package 

NC 



Note: Pin 4 connected to case. 

Order Number LF411ACH 
or LF411MH/883* 

See NS Package Number H08A 


Dual-ln-Line Package 



TL/H/5655-7 

Top View 

Order Number LF411ACN, 
LF411CN or LF41 1MJ/883* 

See NS Package Number 
N08E or J08A 


♦Available per JM38510/11904 



1-63 


LF411 



LF41 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales Power Dissipation 
Office/Distributors for availability and specifications. (Notes 2 and 9) 
(Note 8) T . max 

UF411A LF411 0 A 

Supply Voltage ±22V ±18V J 

Differential Input Voltage + 38V ±30V 


Supply Voltage 
Differential Input Voltage 
Input Voltage Range 
(Note 1) 

Output Short Circuit 
Duration 


H Package 

670 mW 
150°C 

1 62°C/W (Still Air) 
65°C/W (400 LF/min 
Air Flow) 
20°C/W 


N Package 

670 mW 
115°C 
120°C/W 


+ 19V ±15V 

Continuous Continuous 


Operating Temp. 
Range 

Storage Temp. 

Range 
Lead Temp. 

(Soldering, 10 sec.) 
ESD Tolerance 


65°C ^ T A £1 50°C - 65°C <: T A £1 50°C 

260°C 260°C 

Rating to be determined. 


DC Electrical Characteristics (Note 4) 


Conditions 


Symbol 

Parameter 

Vos 

Input Offset Voltage 

AV 0S /AT 

Average TC of Input 
Offset Voltage 



Input Offset Current V s = ± 1 5V 
(Notes 4, 6) 


Input Bias Current 


V S =±15V 
(Notes 4, 6) 




Input Resistance 

A VOL 

Large Signal Voltage 
Gain 

Vo 

Output Voltage Swing 

VCM 

Input Common-Mode 
Voltage Range 

CMRR 

Common-Mode 
Rejection Ratio 

PSRR 

Supply Voltage 
Rejection Ratio 

»S 

Supply Current 



Ti=25°C 


R L =2k,T A =25°C 
Over Temperature 


Rs^lOk 


QE9IDEHK 


100 
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Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 2: For operating at elevated temperature, these devices must be derated based on a thermal resistance of 0jA. 

Note 3: These devices are available in both the commercial temperature range 0 °C^Ta^ 70°C and the military temperature range -55 °C^Ta^ 125°C. The 
temperature range is designated by the position just before the package type in the device number. A “C” indicates the commercial temperature range and an “M” 
indicates the military temperature range. The military temperature range is available in “H” package only. 

Note 4: Unless otherwise specified, the specifications apply over the full temperature range and for Vs = ± 20 V for the LF41 1 A and for Vs = ± 1 5V for the LF41 1 . 
Vos. >B. and los are measured at Vcm=0. 

Note 5: The LF41 1 A is 100% tested to this specification. The LF41 1 is sample tested to insure at least 90% of the units meet this specification. 

Note 6: The input bias currents are junction leakage currents which approximately double for every 1 0°C increase in the junction temperature, Tj. Due to limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pq. Tj=TA + 0jA Pd where 0jA is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice, from 
± 1 5V to ± 5V for the LF41 1 and from ± 20V to ± 5V for the LF41 1 A. 

Note 8: RETS 41 1 X for LF41 1 MH and LF41 1 MJ military specifications. 

Note 9: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate 
outside guaranteed limits. 


Typical Performance Characteristics 


| 

z 

£ 

cc 

3 

o 

£ 

flD 

h- 

£ 

z 


Input Bias Current 


V S ==±15V 
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-10 -5 0 5 10 

COMMON-MODE VOLTAGE (V) 



-50 - 25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Supply Current 



0 5 10 15 20 25 

SUPPLY VOLTAGE (±V) 


Positive Common-Mode 
Input Voltage Limit 



0 5 10 15 20 25 

POSITIVE SUPPLY 
VOLTAGE (V) 


Negative Common-Mode 
Input Voltage Limit 



0 -5 -10 -15 -20 -25 

NEGATIVE SUPPLY 
VOLTAGE (V) 



0 10 20 30 40 

OUTPUT SOURCE 
CURRENT (mA) 


Negative Current Limit 

-15 

i 

§-10 

II 

Ul 60 c 

> —5 


0 

0 10 20 30 40 

OUTPUT SINK CURRENT (mA) 



If 

2^ 


Output Voltage Swing 



0 5 10 15 20 25 

SUPPLY VOLTAGE (±V) 


Output Voltage Swing 



0.1 1 10 

Rl- 0UTPUT LOAD (kQ) 


TL/H/5655-2 
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GAIN (V/V) REJECTION RATIO (dB) DISTORTION (%) BANDWIDTH (MHz) 


£ Typical Performance Characteristics (Continued) 


Gain Bandwidth 


Vs=±15V 
Rl=2k 
'C L =100 pF 


1 —25 0 25 50 75 100 125 

TEMPERATURE (°C) 



Hill 

881 

m 


UK! 

m 

■ESSU 

mi 11 


III 

\m 11 


III 

Hill 11 


26 r— 

Vs = ct 15V 
24 RL=2k - 
22 . = 1 


1 10 
FREQUENCY (MHz) 


-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Distortion vs Frequency 



10 100 Ik 10 k 100 k 

FREQUENCY (Hz) 


Undistorted Output 
Voltage Swing 


100k 

FREQUENCY (Hz) 


Open Loop Frequency 
Response 



1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Common-Mode Rejection 
Ratio 


CMRR = 20 LOG - 77 s2 + 
Vo 

OPEN LOOP 
Uhk VOLTAGE 

'wJ-X gain 



10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Power Supply 
Rejection Ratio 


I V S = 
— Ta= 
Y 

±15V 
25° C 

s 


\ 


L 

X 

r \ 

V 


% 


10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Equivalent Input Noise 
Voltage 




100 Ik 10 k 100 k 

FREQUENCY (Hz) 


Open Loop Voltage Gain 

-55°C < Ta < 125°c EE EE EE 


Output Impedance 


5 10 15 20 

SUPPLY VOLTAGE (±V) 


QSEQli 
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IB5i 
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iiwmim 
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■MiBHrjynMr 
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100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Inverter Settling Time 



SETTLING TIME („s) 
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Pulse Response R L = 2 kn,c L iopF 


Small Signal Inverting 



TIME (0.2 /tS/DIV) 


Small Signal Non-Inverting 



TIME (0.2 AtS/OIV) 


Large Signal Inverting 



TIME (2 /tS/DIV) 


Large Signal Non-Inverting 



TIME (2 (US/DIV) 


Current Limit (R|_= 100H) 


H* ^ 

s 

3 


TIME (5 /tS/OIV) 


TL/H/5655-4 



Application Hints 

The LF41 1 series of internally trimmed JFET input op amps 
(BI-FET I|tm) provide very low input offset voltage and guar- 
anteed input offset voltage drift. These JFETs have large 
reverse breakdown voltages from gate to source and drain 
eliminating the need for clamps across the inputs. There- 
fore, large differential input voltages can easily be accom- 
modated without a large increase in input current. The maxi- 
mum differential input voltage is independent of the supply 
voltages. However, neither of the input voltages should be 
allowed to exceed the negative supply as this will cause 
large currents to flow which can result in a destroyed unit. 


Exceeding the negative common-mode limit on either input 
will force the output to a high state, potentially causing a 
reversal of phase to the output. Exceeding the negative 
common-mode limit on both inputs will force the amplifier 
output to a high state. In neither case does a latch occur 
since raising the input back within the common-mode range 
again puts the input stage and thus the amplifier in a normal 
operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output; however, if both 
inputs exceed the limit, the output of the amplifier may be 
forced to a high state. 
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Application Hints (Continued) 

The amplifier will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 

The LF41 1 is biased by a zener reference which allows nor- 
mal circuit operation on ±4.5V power supplies. Supply volt- 
ages less than these may result in lower gain bandwidth and 
slew rate. 

The LF41 1 will drive a 2 kft load resistance to ± 1 0V over 
the full temperature range. If the amplifier is forced to drive 
heavier load currents, however, an increase in input offset 
voltage may occur on the negative voltage swing and finally 
reach an active current limit on both positive and negative 
swings. 

Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in po- 
larity or that the unit is not inadvertently installed backwards 
in a socket as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 


Typical Applications 

High Speed Current Booster 



As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up" and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately 6 
times the expected 3 dB frequency, a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal tp the original feedback pole time 
constant. 
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Typical Applications (Continued) 

10-Bit Linear DAC with No V 0 s Adjust 

MSB LSB 

A1 A2 A3 A4 AS A6 A7 A8 A9 A10 



V0UT=-V REF (^ + f + f 

-10V £ V REF £ 10V 
1023 

0 £ Vqut £ V REF 


A10 \ 
1024/ 


where An = 1 if the An digital input is high 
An = 0 if the An digital input is low 


Single Supply Analog Switch with Buffered Output 



Detailed Schematic 
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National Semiconductor 


LF412 Low Offset, Low Drift 

Dual JFET Input Operational Amplifier 



General Description 

These devices are low cost, high speed, JFET input opera- 
tional amplifiers with very low input offset voltage and guar- 
anteed input offset voltage drift. They require low supply 
current yet maintain a large gain bandwidth product and fast 
slew rate. In addition, well matched high voltage JFET input 
devices provide very low input bias and offset currents. 
LF412 dual is pin compatible with the LM1558, allowing de- 
signers to immediately upgrade the overall performance of 
existing designs. 

These amplifiers may be used in applications such as high 
speed integrators, fast D/A converters, sample and hold 
circuits and many other circuits requiring low input offset 
voltage and drift, low input bias current, high input imped- 
ance, high slew rate and wide bandwidth. 


Features 


■ Internally trimmed offset voltage 

1 mV (max) 

■ Input offset voltage drift 

1 0 ju,V/°C (max) 

■ Low input bias current 

50 pA 

■ Low input noise current 

0.01 pAA/iHz 

■ Wide gain bandwidth 

3 MHz (min) 

■ High slew rate 

10 V/ jus (min) 

■ Low supply current 

1 .8 mA/ Amplifier 

■ High input impedance 

10i2n 

■ Low total harmonic distortion Ay =10, 

^0.02% 

R L = 10k, V o = 20 Vp-p, BW = 20 Hz-20 kHz 

■ Low 1 /f noise corner 

50 Hz 

■ Fast settling time to 0.01% 

2 jas 


Typical Connection 


Ordering Information Connection Diagrams 


Rf 



Simplified Schematic 


LF412XYZ 

X indicates electrical grade 
Y indicates temperature range 
“M” for military 
“C” for commercial 
Z indicates package type 
“H” or “N” 


Metal Can Package 


v + 



Note. Pin 4 connected to case. 
TOP VIEW 


1/2 Dual 



Order Number LF412AMH, LF412MH, 
LF412CH or LF412MH/883* 

See NS Package Number H08A 


Dual-In-Line Package 



v + 

OUTPUT B 

INVERTING INPUT B 

NON-INVERTING 
INPUT B 


TL/H/5656-1 


Order Number LF412ACN, LF412CN or LF412MJ/883* 
See NS Package Number J08A or N08E 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ 


Distributors for availability and specifications. 




(Note 9) 







LF412A 

LF412 


H Package 

N Package 

Supply Voltage 

±22V 

± 18V 

Power Dissipation (Note 10) 

(Note 3) 

670 mW 

Differential Input Voltage 

±38V 

±30V 

Tj max 

150°C 

1 15°C 

Input voltage Range 



0)A (Typical) 

1 52°C/W 

115°C/W 

(Note 1 ) 

± 19V 

± 1 5V 

Operating Temp. Range 

(Note 4) 

(Note 4) 

Output Short Circuit 



Storage Temp. 

-65°C^T a <; 150 o C 

-65°C<:T A £150 o C 

Duration (Note 2) 

Continuous 

Continuous 

Range 






Lead Temp. 






(Soldering, 10 sec.) 

260°C 

260°C 




ESD Tolerance (Note 11) 

1700V 

1700V 

DC Electrical Characteristics 

(Note 5) 





Symbol 

Parameter 

Conditions 

LF412A 

LF412 

— 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Input Offset Voltage 

R s — 10 kH, T a = 25°C 


0.5 

1.0 


1.0 

3.0 

mV 

AV 0S /AT 

Average TC of Input 
Offset Voltage 

R s =10kfl (Note 6) 


7 

10 


7 

20 

jutV/°C 

los 

Input Offset Current 

V S =±15V 
(Notes 5 and 7) 

Tj = 25°C 


25 

100 


25 

100 

pA 

Tj = 70°C 



2 



2 

nA 

Tj= 125°C 



25 



25 

nA 

Ib 

Input Bias Current 

V s = ± 15V 
(Notes 5 and 7) 

Tj = 25°C 


50 

200 


50 

200 

pA 

Tj = 70°C 



4 



4 

nA 

Tj = 125°C 



50 



50 

nA 

Rin 

Input Resistance 

Tj = 25°C 


1012 



1012 


n 

Avol 

Large Signal Voltage 
Gain 

V S =±15V, V 0 = ± 10V, 

R L =2k, T a =25°C 

50 

200 


25 

200 


V/mV 

Over Temperature 

25 

200 


15 

200 


V/mV 

v 0 

Output Voltage Swing 

V S =±15V, R L = 10k 

±12 

±13.5 


±12 

±13.5 


V 

V C M 

Input Common-Mode 
Voltage Range 


±16 

+ 19.5 


±11 

+ 14.5 


V 


-16.5 



-11.5 


V 

CMRR 

Common-Mode 
Rejection Ratio 

R s ^10k 

80 

100 


70 

100 


dB 

PSRR 

Supply Voltage 
Rejection Ratio 

(Note 8) 

80 

100 


70 

100 


dB 

is 

Supply Current 

V 0 = 0V, R l = 00 


3.6 

5.6 


3.6 

6.5 

mA 


AC Electrical Characteristics (Notes) 


' Symbol 

Parameter 

Conditions 

LF412A 

LF412 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 


Amplifier to Amplifier 
Coupling 

T a = 25 0 C, f — 1 Hz-20 kHz 
(Input Referred) 


-120 



-120 


dB 

SR 

Slew Rate 

V s = ±15V, T a =25°C 

10 

15 


8 

15 


V/fis 

GBW 

Gain-Bandwidth Product 

V S =±15V, T a =25°C 

3 

4 


2.7 

4 


MHz 

e n 

Equivalent Input Noise 
Voltage 

T a =25°C, R s =ioon, 
f=1 kHz 


25 



25 


nV/VHz 

in 

Equivalent Input Noise 
Current 

T a = 25°C, f=1 kHz 


0.01 



0.01 


pA/VHz 
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Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 2: Any of the amplifier outputs can be shorted to ground indefintely, however, more than one should not be simultaneously shorted as the maximum junction 
temperature will be exceeded. 

Note 3: For operating at elevated temperature, these devices must be derated based on a thermal resistance of 6 \ a - 

Note 4: These devices are available in both the commercial temperature range 0 °C^Ta^ 70°C and the military temperature range -55 °C^Ta^ 125°C. The 
temperature range is designated by the position just before the package type in the device number. A “C” indicates the commercial temperature range and an “M” 
indicates the military temperature range. The military temperature range is available in “H” package only. In all cases the maximum operating temperature is limited 
by internal junction temperature Tj max. 

Note 5: Unless otherwise specified, the specifications apply over the full temperature range and for Vg= ±20V for the LF412A and for Vs= ± 15V for the LF412. 
Vos. >B. and ■ os are measured at Vcm = 0. 

Note 6: The LF412A is 100% tested to this specification. The LF412 is sample tested on a per amplifier basis to insure at least 85% of the amplifiers meet this 
specification. 

Note 7: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pp. Tj=TA+0jA Pd where 0 ja is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 8: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. 

V S = ±6V to ± 15V. 

Note 9: Refer to RETS412X for LF412MH and LF412MJ military specifications. 

Note 10: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate 
outside guaranteed limits. 

Note 11: Human body model, 1.5 kft in series with 100 pF. 

Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 


Gain Bandwidth 
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Pulse Response R L = 2 kac L =io P F 

Small Signal Inverting 



-E 


TIME (0.2 /xS/DIV) 



Small Signal Non-Inverting 



TIME (0.2 /iS/DIV) 


Large Signal Inverting 



TIME (2 /zS/DIV) 


Large Signal Non-Inverting 



TIME (20S/DIV) 


Current Limit (Rl= 100(1) 



TIME (5 /tS/DIV) TL/H/5656-4 


Application Hints 

The LF412 series of JFET input dual op amps are internally 
trimmed (BI-FET IItm) providing very low input offset volt- 
ages and guaranteed input offset voltage drift. These JFETs 
have large reverse breakdown voltages from gate to source 
and drain eliminating the need for clamps across the inputs. 
Therefore, large differential input voltages can easily be ac- 
commodated without a large increase in input current. The 
maximum differential input voltage is independent of the 
supply voltages. However, neither of the input voltages 
should be allowed to exceed the negative supply as this will 
cause large currents to flow which can result in a destroyed 
unit. 

Exceeding the negative common-mode limit on either input 
will cause a reversal of the phase to the output and force 
the amplifier output to the corresponding high or low state. 


Exceeding the negative common-mode limit on both inputs 
will force the amplifier output to a high state. In neither case 
does a latch occur since raising the input back within the 
common-mode range again puts the input stage and thus 
the amplifier in a normal operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output, however, if both 
inputs exceed the limit, the output of the amplifier may be 
forced to a high state. 

The amplifiers will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 
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Application Hints (Continued) 

Each amplifier is individually biased by a zener reference 
which allows normal circuit operation on ±6.0V power sup- 
plies. Supply voltages less than these may result in lower 
gain bandwidth and slew rate. 

The amplifiers will drive a 2 kfl load resistance to ±10V 
over the full temperature range. If the amplifier is forced to 
drive heavier load currents, however, an increase in input 
offset voltage may occur on the negative voltage swing and 
finally reach an active current limit on both positive and neg- 
ative swings. 

Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in po- 
larity or that the unit is not inadvertently installed backwards 
in a socket as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 


As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately 6 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 
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National Semiconductor 


LF441 Low Power JFET 
Input Operational Amplifier 

General Description 

The LF441 low power operational amplifier provides many 
of the same AC characteristics as the industry standard 
LM741 while greatly improving the DC characteristics of the 
LM741. The amplifier has the same bandwidth, slew rate, 
and gain (10 kft load) as the LM741 and only draws one 
tenth the supply current of the LM741. In addition, the well 
matched high voltage JFET input devices of the LF441 re- 
duce the input bias and offset currents by a factor of 1 0,000 
over the LM741 . A combination of careful layout design and 
internal trimming guarantees very low input offset voltage 
and voltage drift. The LF441 also has a very low equivalent 
input noise voltage for a low power amplifier. 

The LF441 is pin compatible with the LM741 , allowing an 
immediate 1 0 times reduction in power drain in many appli- 
cations. The LF441 should be used where low power 


dissipation and good electrical characteristics are the major 
considerations. 


Features 

■ 1/10 supply current of a LM741 

■ Low input bias current 

■ Low input offset voltage 

■ Low input offset voltage drift 

■ High gain bandwidth 

■ High slew rate 

■ Low noise voltage for low power 

■ Low input noise current 

■ High input impedance 

■ High gain Vq = ±10V, R|_ = 10k 


200 juA (max) 
50 pA (max) 
0.5 mV (max) 
10 juV/°C (max) 
1 MHz 
1 V/jus 
35 nV/\/Hz 
0.01 pA/l/Hz 
1012ft 
50k (min) 


Typical Connection 

Rf 



Ordering Information 

LF441XYZ 

X indicates electrical grade 
Y indicates temperature range 
“M” for military, 

“C” for commercial 
Z indicates package type 
“H” or “N” 


Connection Diagrams 

Metal Can Package 

NC 

V + 


OUTPUT 


BALANCE 

V" TL/H/9297-2 

Top View 

Note: Pin 4 connected to case. 

Order Number LF441MH/883 
See NS Package Number H08A 



Dual-In-Line Package 



Order Number LF441ACN, 
LF441CM or LF441CN 
See NS Package Number M08A or N08E 


i 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 



LF441A 

LF441 

Supply Voltage 

±22V 

± 18V 

Differential Input Voltage 

±38V 

+ 30V 


H Package 

Power Dissipation 

R70 mW 


(Notes 2 and 9) 

Tj max 

150°C 


0jA (Typical) 

Board Mount in still air 

165°C/W 


Board Mount in 400 LF/ 

65°C/W 


min air flow 

0jC 

25°C/W 


Operating Temp. Range 

(Note 3) 


Storage Temp. Range 

— 65°C ^ T A ^ 150°C 

Lead Temperature 

300°C 


(Soldering, 1 0 seconds) 


LF441A 

LF441 

Soldering Information 

Dual-In-Line Package 

Soldering (10 sec.) 

260° C 

260° C 

Small Outline Package 

Vapor Phase (60 sec.) 

215°C 

215°C 

Infrared (15 sec.) 

220°C 

220°C 


LF441A LF441 

Input Voltage Range 

(Note 1) ± 19V +15V 

Output Short Circuit 

Duration Continuous Continuous 


N Package 

670 mW 

1 15°C 
130°C/W 


M Package 


185°C/W 


(Note 3) 

— 65°C ^ T A ^ 150°C 
260°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

ESD T olerance (Note 1 0) Rating to be Determined 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

LF441A 

LF441 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Input Offset Voltage 

R s = 10kfl,T A = 25°C 


0.3 

0.5 


1 

5 

mV 

Over Temperature 




. 


7.5 

mV 

AVos/AT 

Average TC of Input 
Offset Voltage 

R s = 10kn (Note 5) 


7 

10 


10 


/xV/°C 

los 

Input Offset Current 

V s = ± 15V 
(Notes 4 and 6) 

Tj = 25°C 


5 

25 


5 

50 

pA 

Tj = 70°C 



1.5 



1.5 

nA 

Tj = 125°C 



10 




nA 

•b 

Input Bias Current 

V s = ± 15V 
(Notes 4 and 6) 

Tj = 25°C 


10 

50 


10 

100 

pA 

Tj = 70°C 



3 



3 

nA 

Tj = 125°C 



20 




nA 

r in 

Input Resistance 

Tj = 25°C 


1012 



1012 


ft 

A VOL 

Large Signal Voltage 
Gain 

V s = ±15V,V 0 = +10V, 

R l = 10ka,T A = 25°C 

50 

100 


25 

100 


V/mV 

Over Temperature 

25 



15 



V/mV 

Vo 

Output Voltage Swing 

V s = ±15V, R L = 10 kn 

±12 






V 

VcM 

Input Common-Mode 
Voltage Range 


±16 




V 

CMRR 

Common-Mode 
Rejection Ratio 

Rs ^ 10 ka 

80 

100 


70 

95 


dB 
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DC Electrical Characteristics (Note 4) (continued) 


Symbol 

Parameter 

Conditions 

LF441A 

LF441 | 

Units 

Min 

Typ 

Max 

Min 

T yp 

Max 

PSRR 

Supply Voltage 
Rejection Ratio 

(Note 7) 

80 






dB 

•s 

Supply Current 








juA 


ACE 

ectrical Characterisl 

tiCS (Note 4) 

Symbol 

Parameter 

Conditions 

| LF441A 

| LF441 j 

Units 

Min 

Typ 

Max 

Min 

1 Typ | 


SR 

Slew Rate 

V s = ± 1 5V, T a = 25°C 

0.8 

1 


0.6 



V//xs 

GBW 

Gain-Bandwidth Product 

V s = ±15 V,T a = 25°C 


1 



1 


MHz 

e n 

Equivalent Input Noise Voltage 

T a = 25°C, R s = 100ft, 
f = 1 kHz 


35 



35 


nVA/Hz 

•n 

Equivalent Input Noise Current 

T a = 25°C, f = 1 kHz 


0.01 



0.01 


pA/VHz 


Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 2: For operating at elevated temperature, these devices must be derated based on a thermal resistance of 9 

Note 3: The temperature range is designated by the position just before the package type in the device number. A “C” indicates the commercial temperature range 
and an “M” indicates the military temperature range. The military temperature range is available in “H” package only. 

Note 4: Unless otherwise specified the specifications apply over the full temperature range and for Vs = + 20V for the LF441 A and for Vs = ± 1 5V for the LF441 . 
Vos. *B. and los are measured at Vqm = 0. 

Note 5: The LF441A is 100% tested to this specification. 

Note 6: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pq. Tj = T* + 9 \/\ Pd where 9 -^ is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. From 
±15V to ±5V for the LF441 and from ±20V to ±5V for the LF441A. 

Note 8: Refer to RETS441X for LF441MH military specifications. 

Note 9: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate 
outside guaranteed limits. 

Note 10: Human body model, 1.5 k& in series with 100 pF. 


Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 


Negative Current Limit 
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Gain Bandwidth 
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Distortion vs Frequency 
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TL/H/9297-6 
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OPEN LOOP VOLTAGE GAIN (V/V) 


Typical Performance Characteristics (Continued) 


Open Loop Voltage Gain Output Impedance Inverter Settling Time 



SUPPLY VOLTAGE (±V) FREQUENCY (Hz) SETTLING TIME Uts) 

TL/H/9297-7 

Simplified Schematic 



TL/H/9297-3 

Pulse Response r l = iokn,c L = iopf 



TIME (0.5 /»s/ DIV) 

TL/H/9297-8 
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Pulse Response Rl = 10 kn, Cl = 10 pF (Continued) 

Small Signal Non-Inverting 



TIME (0.5 /iS/DIV) 


TL/H/9297-9 


Large Signal Inverting 



TIME (10/tS/DIV) 


TL/H/9297-10 


Large Signal Non-Inverting 



TIME (10/iS/DIV) 


TL/H/9297-11 


1-82 



Application Hints 

This device is a low power op amp with an internally 
trimmed input offset voltage and JFET input devices 
(BI-FET II). These JFETs have large reverse breakdown 
voltages from gate to source and drain, eliminating the need 
for clamps across the inputs. Therefore, large differential 
input voltages can easily be accommodated without a large 
increase in input current. The maximum differential input 
voltage is independent of the supply voltages. However, nei- 
ther of the input voltages should be allowed to exceed the 
negative supply as this will cause large currents to flow 
which can result in a destroyed unit. 

Exceeding the negative common-mode limit on either input 
will force the output to a high state, potentially causing a 
reversal of phase to the output. Exceeding the negative 
common-mode limit on both inputs will force the amplifier 
output to a high state. In neither case does a latch occur 
since raising the input back within the common-mode range 
again puts the input stage and thus the amplifier in a normal 
operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output; however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

The amplifier will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 

The amplifier is biased to allow normal circuit operation with 
power supplies of ±3V. Supply voltages less than these 
may degrade the common-mode rejection and restrict the 
output voltage swing. 


The amplifier will drive a 10 kn load resistance to ±10V 
over the full temperature range. 

Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in po- 
larity or that the unit is not inadvertently installed backwards 
in a socket, as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting input 
to AC ground) set the frequency of this pole. In many in- 
stances the frequency of this pole is much greater than the 
expected 3 dB frequency, of the closed loop gain and con- 
sequently there is negligible effect on stability margin. How- 
ever, if the feedback pole is less than approximately 6 times 
the expected 3 dB frequency, a lead capacitor should be 
placed from the output to the input of the op amp. The value 
of the added capacitor should be such that the RC time 
constant of this capacitor and the resistance it parallels is 
greater than or equal to the original feedback pole time con- 
stant. 


Detailed Schematic 



TL/H/9297-13 


1 
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< 9 


National Semiconductor 


LF442 Dual Low Power 

JFET Input Operational Amplifier 

General Description Features 

The LF442 dual low power operational amplifiers provide 
many of the same AC characteristics as the industry stan- 
dard LM1458 while greatly improving the DC characteristics 
of the LM1458. The amplifiers have the same bandwidth, 
slew rate, and gain (10 kft load) as the LM1458 and only 
draw one tenth the supply current of the LM1458. In addi- 
tion the well matched high voltage JFET input devices of the 
LF442 reduce the input bias and offset currents by a factor 
of 10,000 over the LM1458. A combination of careful layout 
design and internal trimming guarantees very low input off- 
set voltage and voltage drift. The LF442 also has a very low 
equivalent input noise voltage for a low power amplifier. 

The LF442 is pin compatible with the LM1458 allowing an 
immediate 10 times reduction in power drain in many appli- 
cations. The LF442 should be used where low power dissi- 
pation and good electrical characteristics are the major con- 
siderations. 


Vio supply current of a LM1458 

400 ju,A (max) 

Low input bias current 

50 pA (max) 

Low input offset voltage 

1 mV (max) 

Low input offset voltage drift 

10 /xV/°C (max) 

High gain bandwidth 

1 MHz 

High slew rate 

1 V/jLtS 

Low noise voltage for low power 

35 nV/VFlz 

Low input noise current 

0.01 pA/Vflz 

High input impedance 

10l2n 

High gain V 0 = ±10V, R L = 10k 

50k (min) 


Typical Connection Ordering information Connection Diagrams 


Rf 



LF442XYZ 

X indicates electrical grade 
Y indicates temperature range 
“M” for military 
“C” for commercial 
Z indicates package type 
“H” or “N” 


Metal Can Package 

v + 



6 

-V EE TL/H/9155-1 


TL/H/9155-2 

Top View 


Simplified Schematic 


y 2 Dual 



Note: Pin 4 connected to case 


Order Number LF442AMH 
or LF442MH/883 
See NS Package Number H08A 


Dual-In-Line Package 


OUTPUT A 

INVERTING INPUT A 

NON-INVERTING 
INPUT A 

V~ 



TL/H/9155-4 

Top View 


Order Number LF442ACN or LF442CN 
See NS Package Number N08E 
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Absolute Maximum Ratings 


If Military/ Aerospace specified devices are required, 


H Package 

N Package 

please contact the 

National Semiconductor Sales 

Tj max 

150°C 

1 15°C 

Office/Distributors for availability and specifications. 

0JA (Typical) 



(Note 9) 



(Note 3) 

65°C/W 

1 1 4°C/W 


LF442A 

LF442 

(Note 4) 

1 65°C/W 

152°C/W 

Supply Voltage 

±22V 

± 18V 

0JC (Typical) 

21°C/W 


Differential Input Voltage 

±38V 

±30V 

Operating Temperature 

(Note 4) 

(Note 4) 

Input Voltage Range 

± 19V 

± 15V 

Range 



(Note 1) 



Storage 

-65°C^T A ^150°C- 

65°C^T a ^150°< 

Output Short Circuit 

Continuous 

Continuous 

Temperature Range 



Duration (Note 2) 



Lead Temperature 

260°C 

260°C 


(Soldering, 10 sec.) 

ESD T olerance Rating to be determined 


DC Electrical Characteristics (Notes) 


Symbol 

Parameter 

Conditions 

LF442A 

LF442 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Input Offset Voltage 

R s = 10kn,T A = 25°C 


0.5 

1.0 


1.0 

5.0 

mV 

Over Temperature 






7.5 

mV 

AVqs/AT 

Average TC of Input 
Offset Voltage 

R s =10ka 

i 


7 

10 


7 


/xV/°C 

•os 

Input Offset Current 

V S = ± 15V 
(Notes 6 and 7) 

Tj = 25°C 


5 

25 


5 

50 

pA 

Tj = 70°C 



1.5 



1.5 

nA 

Tj = 125°C 



10 




nA 

IB 

1 

Input Bias Current 

V s = ± 15V 
(Notes 6 and 7) 

Tj = 25°C 


10 

50 


10 

100 

pA 

Tj = 70°C 



3 



3 

nA 

Tj = 125°C 



20 




nA 

Rin 

Input Resistance 

Tj = 25°C 


1012 



1012 


a 

AvOL 

Large Signal Voltage 
Gain 

V s = ± 1 5V, V 0 = +10V, 

R L = 10kn,T A = 25°C 

50 

200 


25 

200 


V/mV 

Over Temperature 

25 

200 


15 

200 


V/mV 

Vo 

Output Voltage Swing 

V s = ± 15V, R l = 10 kH 

±12 

±13 


±12 

±13 


V 

VcM 

Input Common-Mode 
Voltage Range 


±16 

+ 18 

-17 


±11 

+ 14 

-12 


V 

V 

CMRR 

Common-Mode 
Rejection Ratio 

Rs ^ io ka 

80 

100 


70 

95 


dB 

PSRR 

Supply Voltage 
Rejection Ratio 

(Note 8) 

80 

100 


70 

90 


dB 

is 

Supply Current 



300 

400 


400 

500 

jxA 
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AC Electrical Characteristics (Note 6) 


Symbol 

Parameter 

Conditions 

LF442A 

LF442 

Units 

Min 

Typ 



Kirjff 

Max 


Amplifier to Amplifier 
Coupling 

T a = 25°C, f = 1 Hz-20 kHz 
(Input Referred) 


-120 





dB 

SR 

Slew Rate 

V S = ±15V,T A = 25°C 

0.8 

1 



1 


V/jLLS 

GBW 

Gain-Bandwidth Product 

V s = ±15 V,T a - 25°C 

0.8 

1 


0.6 

1 


MHz 

e n 

Equivalent Input Noise 
Voltage 

T a = 25°C, R s = lOOfi, 
f = 1 kHz 


35 

■ 


35 


nV/i/Hz 

in 

Equivalent Input Noise 
Current 

T a = 25°C, f = 1 kHz 


0.01 




■ 

pA/VHz 


Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 2: Any of the amplifier outputs can be shorted to ground indefinitely, however, more than one should not be simultaneously shorted as the maximum junction 
temperature will be exceeded. 

Note 3: The value given is in 400 linear feet/min air flow. 

Note 4: The value given is in static air. 

Note 5: These devices are available in both the commercial temperature range 0°C £ Ta £ 70°C and the military temperature range -55°C £ Ta ^ 125°C. The 
temperature range is designated by the position just before the package type in the device number. A “C” indicates the commercial temperature range and an “M” 
indicates the military temperature range. The military temperature range is available in “H” package only. 

Note 6: Unless otherwise specified, the specifications apply over the full temperature range and for Vs =*= ± 20V for the LF442A and for Vs = ± 1 5V for the LF442. 
Vos. *b. and Iqs are measured at Vqm = 0. 

Note 7: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pq. Tj = Ta + ^aPd where B ]fK is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 8: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice from 
± 1 5V to ± 5V for the LF442 and ± 20V to ± 5V for the LF442A. 

Note 9: Refer to RETS442X for LF442MH military specifications. 
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Typical Performance Characteristics 


Input Bias Current 



-10 -5 0 5 10 

COMMON-MODE VOLTAGE (V) 


Positive Common-Mode 
Input Voltage Limit 



0 5 10 15 20 25 

POSITIVE SUPPLY VOLTAGE (V) 


Input Bias Current 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Negative Common-Mode 
Input Voltage Limit 



0 -5 -10 -15 -20 -25 

NEGATIVE SUPPLY VOLTAGE (V) 


Supply Current 



0 5 10 15 20 25 

SUPPLY VOLTAGE (±V) 


Positive Current Limit 



012345678 
OUTPUT SOURCE CURRENT (mA) 


Ui 



Negative Current Limit 



0 2 4 6 8 10 12 14 16 

OUTPUT SINK CURRENT (mA) 


Output Voltage Swing 



0 5 10 15 20 25 

SUPPLY VOLTAGE (±V) 


Output Voltage Swing 



1 10 100 
Rl-OUTPUT LOAD (kfl) 


TL/H/9155-5 
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Typical Performance Characteristics (Continued) 


Gain Bandwidth 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 



Distortion vs Frequency 



10 100 Ik 10k 

FREQUENCY (Hz) 


Undistorted Output Voltage 


Swing 



Ik 10k 100k 

FREQUENCY (Hz) 


160 

140 


S 120 

§ _ 100 
O CO 



40 

20 

0 


Common-Mode Rejection 
Ratio 



10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Power Supply Rejection 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


70 

60 

iu 

w 



ll 30 
i! 20 


0 


Open Loop Voltage Gain 







"L = 

IUK _ 



— 
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== 
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m 

m 

^tSl 

= 

=3 

m 
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■1 

0| 
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_ 






5 10 15 20 

SUPPLY VOLTAGE (±V) 


Output Impedance 



100 Ik 10k 100k 1M 

FREQUENCY (Hz) 



-10 


Slew Rate 


Vs= ±15V 
Rl = 10k 
Av = 1 : 



50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Open Loop Frequency 
Response 

— — TH — — i — 

R L =10k . 

V s = ± 15V 


-T A = 25°C 



1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Equivalent Input Noise 
Voltage 



100 Ik 10k 100k 

FREQUENCY (Hz) 


Inverter Settling Time 



1 10 100 
SETTLING TIME ( M s) 


TL/H/9155-6 
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Application Hints 

This device is a dual low power op amp with internally 
trimmed input offset voltages and JFET input devices 
(BI-FET II). These JFETs have large reverse breakdown 
voltages from gate to source and drain eliminating the need 
for clamps across the inputs. Therefore, large differential 
input voltages can easily be accommodated without a large 
increase in input current. The maximum differential input 
voltage is independent of the supply voltages. However, nei- 
ther of the input voltages should be allowed to exceed the 
negative supply as this will cause large currents to flow 
which can result in a destroyed unit. 

Exceeding the negative common-mode limit on either input 
will force the output to a high state, potentially causing a 
reversal of phase to the output. Exceeding the negative 
common-mode limit on both inputs will force the amplifier 
output to a high state. In neither case does a latch occur 
since raising the input back within the common-mode range 
again puts the input stage and thus the amplifier in a normal 
operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output; however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

The amplifiers will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 

Each amplifier is individually biased to allow normal circuit 
operation with power supplies of ±3.0V. Supply voltages 
less than these may degrade the common-mode rejection 
and restrict the output voltage swing. 


Typical Applications 

Battery Powered Strip Chart Preamplifier 


TIME CONSTANT 



The amplifiers will drive a 10 kfi load resistance to ± 10V 
over the full temperature range. 

Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in po- 
larity or that the unit is not inadvertently installed backwards 
in a socket as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequenty there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately 6 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 
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Typical Applications (Continued) 


“No FET” Low Power V — * F Converter 



15V 


Trim 1M pot for 1 kHz full-scale out- 
put 

1 5 mW power drain 
No integrator reset FET required 
Mount D1 and D2 in close proximity 
1 % linearity to 1 kHz 


TL/H/9155-12 


• ^control — 75°C 

• A1 ’s output represents the ampli- 
fied difference between the LM335 
temperature sensor and the crystal 
oven’s temperature 

• A2, a free running duty cycle mod- 
ulator, drives the LM395 to com- 
plete a servo loop 

• Switched mode operation yields 
high efficiency 

• 1 % metal film resistor 


High Efficiency Crystal Oven Controller 

15V 15V 



Conventional Log Amplifier 



TL/H/9155-14 

EouT=-[iogio(^)+ 5 ] 

Ry = Tel Labs type Q81 

Trim 5k for 10 ju,A through the 5k-120k combination 
*1% film resistor 
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Typical Applications (Continued) 


Unconventional Log Amplifier 


LM329 


Q1, Q2, Q3 are included on LM389 
amplifier chip which is temperature- 
stabilized by the LM389 and Q2-Q3, 
which act as a heater-sensor pair. 
Q1 , the logging transistor, is thus im- 
mune to ambient temperature varia- 
tion and requires no temperature 
compensation at all. 



OUTPUT 

0-10V FOR INPUTS 
OF 10 nA-1mA 


TL/H/91 55-15 


Detailed Schematic 
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Na tion 


a l Semiconductor 


LF444 Quad Low Power JFET 
Input Operational Amplifier 


General Description 

The LF444 quad low power operational amplifier provides 
many of the same AC characteristics as the industry stan- 
dard LM148 while greatly improving the DC characteristics 
of the LM148. The amplifier has the same bandwidth, slew 
rate, and gain (10 kfi load) as the LM148 and only draws 
one fourth the supply current of the LM148. In addition the 
well matched high voltage JFET input devices of the LF444 
reduce the input bias and offset currents by a factor of 
10,000 over the LM148. The LF444 also has a very low 
equivalent input noise voltage for a low power amplifier. 
The LF444 is pin compatible with the LM148 allowing an 
immediate 4 times reduction in power drain in many applica? 
tions. The LF444 should be used wherever low power dissi- 
pation and good electrical characteristics are the major con- 
siderations. 


Features 

■ y 4 supply current of a LM148 

■ Low input bias current 

■ High gain bandwidth 

■ High slew rate 

■ Low noise voltage for low power 

■ Low input noise current 

■ High input impedance 

■ High gain Vq = ±10V, R|_ = 10k 


200 jliA/ A mplifier (max) 
50 pA (max) 
1 MHz 
1 V/fJLS 
35 nV/VRz 
0.01 pA/VHz 

1012ft 
50k (min) 


Simplified Schematic Connection Diagram 


% Quad 



Ordering Information 

LF444XYZ 

X indicates electrical grade 
Y indicates temperature range 
“M” for military, “C” for commercial 
Z indicates package type “D”, “M” or “N” 


Dual-In-Line Package 

OUT 4 IN 4" IN 4+ V - IN3 + IN 3“ OUT 3 



TL/H/9156-2 

Top View 

Order Number LF444AMD, LF444CM, 
LF444ACN, LF444CN or LF444MD/883 
See NS Package Number D14E, M14A or N14A 


i 


I 



i 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage 
Differential Input Voltage 
Input Voltage Range 
(Note 1) 

Output Short Circuit 
Duration (Note 2) 

I 

Power Dissipation 
(Notes 3 and 9) 

Tj max 


LF444A 

±22 V 
+ 38V 
± 19V 

Continuous 


Operating Temperature Range 
Storage Temperature Range 
ESD Tolerance (Note 10) 


LF444A/LF444 

(Note 4) 

— 65°c <; t a <; i50°c 
Rating to 
be determined 


D Package 

900 mW 

150°C 

100°C/W 


Continuous 

N, M Packages 

670 mW 

1 15°C 
85°C/W 


Soldering Information 
Dual-In-Line Packages 

(Soldering, 10 sec.) 260°C 

Small Outline Package 

Vapor Phase (60 sec.) 21 5°C 

Infrared (1 5 sec.) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


0 jA (Typical) 100°C/W 85°C/W 

DC Electrical Characteristics (Notes) 


Symbol 

Vos 

AV 0S /AT 

tas 


Input Offset Voltage 


Average TC of Input 
Offset Voltage 

Input Offset Current 


Input Bias Current 


R s = 10k, T a = 25°C 
0°C ^ T A ^ + 70°C 
— 55°C ^ T A ^ + 1 25°C 
R s = 10kft 


V s = ±15V 
(Notes 5, 6) 


LF444A | 

LF444 

Typ 

Max 

Min 

Typ Max 

2 

5 


3 10 


6.5 


12 


V s = +15V 
(Notes 5, 6) 


= 25° C 


5 

25 


5 

50 

= 70°C 



1.5 



1.5 

= 125°C 



10 




= 25°C 


10 

50 


10 

100 

= 70°C 



3 



3 

= 125°C 



20 





Rin 

Input Resistance 

Tj = 25°C 


1012 



1012 

a VOL 

Large Signal Voltage 
Gain 

V s = ±15V, V 0 = ± 10V 

R l = 10kn,T A = 25°C 

50 

100 


25 

100 



Over Temperature 

25 



15 


v 0 

Output Voltage Swing 

V s = ± 1 5V, R l = lOkft 

±12 

±13 


±12 

±13 

VCM 

Input Common-Mode 
Voltage Range 


±16 

+ 18 

-17 


±11 

+ 14 

-12 

CMRR 

Common-Mode 
Rejection Ratio 

R s ^ 10 kn 

80 

100 


70 

95 

PSRR 

Supply Voltage 
Rejection Ratio 

(Note 7) 

80 

100 


70 

90 

•s 

Supply Current 



0.6 

0.8 


0.6 
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AC Electrical Characteristics (Notes) 


Symbol 

Parameter 

Conditions 

LF444A 

LF444 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 


Amplifier-to-Amplifier 

Coupling 



-120 



-120 


dB 

SR 

Slew Rate 

V s = ± 1 5V, T a = 25°C 


1 



1 


V/juS 

GBW 

Gain-Bandwidth Product 

V s = ±15 V,T a = 25°C 


1 



1 


MHz 

e n 

Equivalent Input Noise Voltage 

T a = 25°C, R s = 100ft, 
f = 1 kHz 


35 



35 


nV/VHz 

*n 

Equivalent Input Noise Current 

T a = 25°C, f = 1 kHz 


0.01 



0.01 


pA/VHz 


Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 2: Any of the amplifier outputs can be shorted to ground indefinitely, however, more than one should not be simultaneously shorted as the maximum junction 
temperature will be exceeded. 

Note 3: For operating at elevated temperature, these devices must be derated based on a thermal resistance of 6 ja- 

Note 4: The LF444A is available in both the commercial temperature range 0°C £ T a ^ 70°C and the military temperature range -55°C £ T a ^ 125°C. The 
LF444 is available in the commercial temperature range only. The temperature range is designated by the position just before the package type in the device 
number. A “C” indicates the commercial temperature range and an “M” indicates the military temperature range. The military temperature range is available in “D” 
package only. 

Note 5: Unless otherwise specified the specifications apply over the full temperature range and for Vs = ± 20V for the LF444A and for Vs = ± 1 5V for the LF444. 
Vos. Ib> and tos are measured at Vqm = 0. 

Note 6: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pq. Tj = Ta + ^jA^D where 0jA is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice from 
± 15V to ±5V for the LF444 and from ±20V to ±5V for the LF444A. 

Note 8: Refer to RETS444X for LF444MD military specifications. 

Note 9: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate 
outside guaranteed limits. 

Note 10: Human body model, 1.5 kn in series with 100 pF. 

Typical Performance Characteristics 


Input Bias Current 



-10 -5 0 5 10 

COMMON-MODE VOLTAGE (V) 


Input Bias Current 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Supply Current 



SUPPLY VOLTAGE (±V) 


Positive Common-Mode 
Input Voltage Limit 



0 5 10 15 20 25 


Negative Common-Mode 
Input Voltage Limit 



0 -5 -10 -15 -20 -25 



012345678 


POSITIVE SUPPLY VOLTAGE (V) 


NEGATIVE SUPPLY OUTPUT SOURCE CURRENT (mA) 

VOLTAGE (V) 

TL/H/9156-3 
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COMMON-MODE REJECTION UNITY GAIN NEGATIVE OUTPUT VOLTAGE 

RATIO (dB) DISTORTION (%) BANOWIOTH (MHz) SWING (V) 


£ Typical Performance Characteristics (Continued) 


Negative Current Limit 


Output Voltage Swing 


55°CsT A s125°C 


Output Voltage Swing 


IHMliiiiiil 

mil 


OUTPUT SINK CURRENT (mA) 

Gain Bandwidth 


-50 - 25 0 25 50 75 100 125 

TEMPERATURE (°C) 


SUPPLY VOLTAGE (±V) 

Bode Plot 


I mm 

KS1II 


0.1 1 10 
FREQUENCY (MHz) 


Rl-OUTPUT LOAD (kli) 


Slew Rate 


-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Distortion vs Frequency 


Undistorted Output 
Voltage Swing 


Mllll 

■III 

mini 

H 

mill 

mm 

m 

iiiiiii 

mm 

M 

mini 

mm 

M 

iiiiiii 

mm 

11 


100 Ik 10k 

FREQUENCY (Hz) 


10k 100k 

FREQUENCY (Hz) 


Open Loop 
Frequency Response 


1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Common-Mode 
Rejection Ratio 


Power Supply 
Rejection Ratio 



mTBPfRll 

RSIH1 

■SSSS 



m 

■BBSm 

to 

■■ 


SP| 


10 100 Ik 10k 100k 1M 10M 
FREQUENCY (Hz) 


10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Equivalent Input 
Noise Voltage 


lllllllllll 


■■HIM II 

iiiiiii 

mini 


10 100 Ik 10k 100k 

FREQUENCY (Hz) 

TL/H/9156-4 







OPEN LOOP VOLTAGE GAIN (V/V) 
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Application Hints 

This device is a quad low power op amp with JFET input 
devices (BI-FETtm). These JFETs have large reverse break- 
down voltages from gate to source and drain eliminating the 
need for clamps across the inputs. Therefore, large differen- 
tial input voltages can easily be accommodated without a 
large increase in input current. The maximum differential in- 
put voltage is independent of the supply voltages. However, 
neither of the input voltages should be allowed to exceed 
the negative supply as this will cause large currents to flow 
which can result in a destroyed unit. 

Exceeding the negative common-mode limit on either input 
will force the output to a high state, potentially causing a 
reversal of phase to the output. Exceeding the negative 
common-mode limit on both inputs will force the amplifier 
output to a high state. In neither case does a latch occur 
since raising the input back within the common-mode range 
again puts the input stage and thus the amplifier in a normal 
operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output; however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

The amplifiers will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 

Each amplifier is individually biased to allow normal circuit 
operation with power supplies of ±3.0V. Supply voltages 
less than these may degrade the common-mode rejection 
and restrict the output voltage swing. 

Typical Application 


The amplifiers will drive a 10 kft load resistance to ±10V 
over the full temperature range. If the amplifier is forced to 
drive heavier load currents, however, an increase in input 
offset voltage may occur on the negative voltage swing and 
finally reach an active current limit on both positive and neg- 
ative swings. 

Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in po- 
larity or that the unit is not inadvertently installed backwards 
in a socket as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately 6 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 


pH Probe Amplifier/Temperature Compensator 





470k 


PROBE — “t" a 7 

' mi< "t 1/4LF444 


470k 


***For R2 = 50k, R4 = 330k ±1% 

For R2 = 100k, R4 = 75k ±1% 

For R2 = 200k, R4 = 56k ±1% 

** Polystyrene 
*Film resistor type RN60C 
To calibrate, insert probe in pH =7 so- 
lution. Set the “TEMPERATURE AD- 
JUST” pot, R2, to correspond to the 
solution temperature: full clockwise for 
0°C, and proportionately for intermedi- 
ate temperatures, using a turns-count- 
ing dial. Then set “CALIBRATE” pot so 
output reads 7V. 


1 


f i 

mi\ 








m 

tSH 



SS 



Typical probe = Ingold Electrodes 
#465-35 


TL/H/9156-10 
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National Semiconductor 


LF451 Wide-Bandwidth 
JFET-Input Operational Amplifier 


General Description 

The LF451 is a low-cost high-speed JFET-input operational 
amplifier with an internally trimmed input offset voltage (Bl- 
FET II™ technology). The device requires a low supply cur- 
rent and yet maintains a large gain bandwidth product and a 
fast slew rate. In addition, well matched high voltage JFET 
input devices provide very low input bias and offset cur- 
rents. The LF451 is pin compatible with the standard 
LM741 , allowing designers to upgrade the overall perform- 
ance of existing designs. 

The LF451 may be used in such applications as high-speed 
integrators, fast D/A converters, sample-and-hold circuits 
and many other circuits requiring low input bias current, high 
input impedance, high slew rate and wide bandwidth. 


Features 


■ Internally trimmed offset voltage 

5.0 mV (max) 

■ Low input bias current 

50 pA (typ) 

■ Low input noise current 

0.01 pA/VHz (typ) 

■ Wide gain bandwidth 

4 MHz (typ) 

■ High slew rate 

13 V/jas (typ) 

■ Low supply current 

3.4 mA (max) 

■ High input impedance 

10l2n (typ) 

■ Low total harmonic distortion Ay = 

10, <0.02% (typ) 

R l = 10k, V 0 = 20 Vp_ p , f = 20 Hz-20 kHz 

■ Low 1 /f noise corner 

50 Hz (typ) 

■ Fast settling time to 0.01 % 

2 fis (typ) 


Connection Diagram 


Typical Connection 


S.O. Package 

NC 

v+ 

OUTPUT 
BALANCE 

TL/H/9660-2 

Top View 

Order Number LF451CM 
See NS Package Number M08A 



Rf 



TL/H/9660-1 


Simplified Schematic 
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Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (V+ - V~) 

Input Voltage Range 
Differential Input Voltage (Note 2) 
Junction Temperature (Tj MAX) 
Output Short Circuit Duration 
Power Dissipation (Note 3) 


36V 

V- ^ V| N ^ V + 
±30V 
1 50°C 
Continuous 
500 mW 


ESD Tolerance TBD 

Soldering Information (Note 5) 

SO Package: Vapor Phase (60 sec) 21 5°C 

Infrared (1 5 sec) 220°C 

Operating Ratings (Note i) 

Temperature Range T M)N ^ T A £ Tmax 

LF451CM 0°C £ T a ^ + 70°C 

Junction Temperature (Tj max ) 1 25°C 

Supply Voltage (V+ - V~) 10V to 32V 


DC Electrical Characteristics The following specifications apply for V+ = + 1 5V and V~ = -15V. Bold- 
face limits apply for Twin to Tmax: all other limits T A = Tj = 25°C. 





LF451CM 


Symbol 

Parameter 

Conditions 

Typical 
(Note 6) 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 

Vos 

Maximum Input Offset Voltage 

R s = 10 kn, (Note 10) 

0.3 

5 


mV 

•os 

Maximum Input Offset Current 

(Notes 9, 10) Tj = 25°C 

25 

100 





Tj = 70°C 



2 


•b 

Maximum Input Bias Current 

(Notes 9, 10) Tj = 25°C 

50 

200 


pA 



Tj = 70°C 



4 

nA 

1 

Input Resistance 

Tj = 25°C 

1012 



n 

■ 

Minimum Large Signal 

Voltage Gain 

V 0 = ±10V,R l = 2kft 
(Note 10) 

200 

50 


V/mV 

Vo 

Minimum Output Voltage Swing 

j *. 

o 

II 

_i 

cc 

±13.5 

±12 

±12 

V 

VcM 

Minimum Input Common Mode 


+ 14.5 

+ 11 

+ 11 

V 


Voltage Range 


-11.5 

-11 

-11 

V 

CMRR 

Minimum Common-Mode 
Rejection Ratio 

R s ^ 10 kn 

100 

80 

80 

dB 

PSRR 

Minimum Supply Voltage 
Rejection Ratio 

(Note 11) 

100 

80 

80 

dB 

•s 

Maximum Supply Current 



3.4 

3.4 

mA 


AC Electrical Characteristics The following specifications apply for V+ = + 1 5V and V - = -15V. Bold- 
face limits apply for Tmin to t max; all other limits T A = Tj = 25°C. 


Symbol 

Parameter 

Conditions 

LF451CM 

Units 

Typical 
(Note 6) 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 


Slew Rate 

A v = +1 

13 

8 



GBW 

Minimum Gain-Bandwidth Product 

f = 100 kHz 

4 

2.7 


MHz 

e n 

Equivalent Input Noise Voltage 

R s = 100n,f = 1 kHz 

25 



nV/VHi 

■n 

Equivalent Input Noise Current 

R s = 100n,f = 1 kHz 

0.01 



pA/VHz 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating ratings. 

Note 2: When the input voltage exceeds the power supplies, the current should be limited to 1 mA. 

Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tj MAX, 0ja and the ambient temperature, Ta- The maximum 
allowable power dissipation at any temperature is Pq = (Tj MAX - Ta)/0ja or the number given in the Absolute Maximum Ratings, whichever is lower. For 
guaranteed operation Tj max = 125°C. The typical thermal resistance (0ja) of the LF451CM when board-mounted is 170°C/W. 

Note 5: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” (Appendix D) for other methods of soldering surface mount devices. 
Note 6: Typicals are at Tj = 25°C and represent most likely parametric norm. 
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Note 7: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 8: Design limits are guaranteed to National’s AOQL, but not 100% tested. 

Note 9: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature Tj. Due to limited 
production test time, the input bias Currents are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal pqwer dissipation, Pq. Tj = Ta + 0jaPd where 0 ja is the thermal resistance from junction to ambient. 

Note 10: Vqs. 'b. AVOL, and los are measured at Vqm = OV. 

Note 11: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. 


Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 


Input Bias Current 


Input Bias Current 


Supply Current 


-15 -10 -5 0 5 10 15 

COMMON-MODE VOLTAGE (V) 
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TEMPERATURE (°C) 
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SUPPLY VOLTAGE (±V) 
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Input Voltage Limit 


Negative Common-Mode 
Input Voltage Limit 


Positive Current Limit 


VAX 


VAX 


VAX 




POSITIVE SUPPLY VOLTAGE (V) 


NEGATIVE SUPPLY VOLTAGE (V) 


OUTPUT SOURCE CURRENT <mA) 


Negative Current Limit 


VI 


Voltage Swing 


Output Voltage Swing 


■ 

Bii 

■1 

SB 

III 

■in 

■1 

III 

mm 

■1 

III 

mm 

■1 

III 

■HI 

■1 

ji 


OUTPUT SINK CURRENT (mA) 


SUPPLY VOLTAGE (±V) 


R L - OUTPUT LOAD (kn) 
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LF451 


Pulse Response 


Small Signal Inverting 



TIME (0.2 ms/DI V) 


TL/H/9660-6 


Small Signal Non-Inverting 



TIME (0.2 /«/DIV) 


TL/H/9660-7 


Large Signal Inverting 



TIME (2 ms/DIV) 

TL/H/9660-8 




Large Signal Non-Inverting 


TIME (2 /xs/DIV) 

TL/H/9660-9 


Current Limit (R|_ - 100ft) 



TIME (5 /is/DIV) 


TL/H/9660-10 


Application Hints 

The LF451CM is an op amp with an internally trimmed input 
offset voltage and JFET input devices (BI-FET II). These 
JFETs have large reverse breakdown voltages from gate to 
source and drain eliminating the need for clamps across the 
inputs. Therefore, large differential input voltages can easily 
be accommodated without a large increase in input current. 
The maximum differential input voltage is independent of 
the supply voltages. However, neither of the input voltages 
should be allowed to exceed the negative supply as this will 


cause large currents to flow which can result in a destroyed 
unit. 

Exceeding the negative common-mode limit with the non-in- 
verting input, or with both inputs, will force the output to a 
high state, potentially causing a reversal of phase to the 
output. 

In neither case does a latch occur since raising the input 
back within the common-mode range again puts the input 
stage and thus the amplifier in a normal operating mode. 
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Application Hints (Continued) 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output; however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

The amplifier will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 

The LF451 is biased by a zener reference which allows nor- 
mal circuit operation on ±4V power supplies. Supply volt- 
ages less than these may result in lower gain bandwidth and 
slew rate. 

The LF451 will drive a 2 ka load resistance to ±10V over 
the full temperature range of 0°C to + 70°C. If the amplifier 
is forced to drive heavier load currents, however, an in- 
crease in input offset voltage may occur on the negative 
voltage swing and finally reach an active current limit on 
both positive and negative swings. 

Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in po- 
larity or that the unit is not inadvertently installed backwards 
in a socket as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 

Detailed Schematic 


input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately 6 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 

The benefit of the S.O. package results from its very small 
size. It follows, however, that the die inside the S.O. pack- 
age is less protected from external physical forces than a 
die in a standard DIP would be, because there is so much 
less plastic in the S.O. Therefore, not following certain pre- 
cautions when board mounting the LF451CM can put me- 
chanical stress on the die, lead frame, and/or bond wires. 
This can cause shifts in the LF451CM , s parameters, even 
causing them to exceed limits specified in the Electrical 
Characteristics. For recommended practices in LF451CM 
surface mounting refer to Application Note AN-450 “Sur- 
face Mounting Methods and Their Effect on Product Reli- 
ability” and to Section 6 “Surface Mount” found in any 
Rev. 1 Linear Databook volume. 
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LF453 



National Semiconductor 


LF453 Wide-Bandwidth Dual 
JFET-Input Operational Amplifiers 


General Description 

The LF453 is a low-cost, high-speed, dual JFET-input oper- 
ational amplifier with an internally trimmed input offset volt- 
age (BI-FET II technology). The device requires a low supply 
current and yet the amplifiers maintain a large gain band- 
width product and a fast slew rate. In addition, well matched 
high voltage JFET input devices provide very low input bias 
and offset currents. The LF453 is pin compatible with the 
standard LM1558, allowing designers to upgrade the overall 
performance of existing designs. 

The LF453 may be used in such applications as high-speed 
integrators, fast D/A converters, sample-and-hold circuits 
and many other circuits requiring low input bias current, high 
input impedance, high slew rate and wide bandwidth. 


Typical Connection 


Features 


■ Internally trimmed offset voltage 

5.0 mV (max) 

■ Low input bias current 

50 pA (typ) 

■ Low input noise current 

0.01 pA/l/Hz (typ) 

■ Wide gain bandwidth 

4 MHz (typ) 

■ High slew rate 

13 V/jlis (typ) 

■ Low supply current 

6.5 mA (max) 

■ High input impedance 

1012a (typ) 

■ Low total harmonic distortion 

<0.02% (typ) 

A v = 10, R l = 10k, 


V 0 = 20 Vp_ p , f = 20 Hz-20 kHz 


■ Low T/f noise corner 

50 Hz (typ) 

■ Fast settling time to 0.01% 

2 )x s (typ) 


Connection Diagram 


Rf 



TL/H/9710-1 


SO Package 



• v* 

- OUTPUT B 

■ INPUT B 

- + INPUT B 


Order Number LF453CM 
See NS Package Number M08A 


Simplified Schematic 



TL/H/9710-3 
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Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (V+ -V~) 36V 

Input Voltage Range V - ^ Vin ^ V+ 

Differential Input Voltage (Note 2) ± 30V 

Junction T emperature (Tj MAX) 1 50°C 


Output Short Circuit Duration Continuous 

Power Dissipation (Note 3) 500 mW 

ESD Tolerance TBD 


Soldering Information (Note 4) 

SO Package: Vapor Phase (60 sec.) 21 5°C 

I nf rared ( 1 5 sec.) 220°C 

Operating Ratings (Note i> 

Temperature Range Tmin ^ T a ^ T MAX 

LF453CM 0°C <; T A + 70°C 

Junction Temperature (Tj max ) 1 25°C 

Supply Voltage (V + - V~) 10V to 32V 


DC Electrical Characteristics The following specifications apply for V+ — + 15VandV~ = -15V. Bold- 
face limits apply for Tmin to T M ax; all other limits T A = Tj = 25°C. 





| LF453CM 


Symbol 

Parameter 

Conditions 

Typical 
(Note 5) 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Units 

v os 

Maximum Input Offset Voltage 

R s = 10kft, (Note 9) 


5 


mV 

•os 

Maximum Input Offset Current 

(Notes 8, 9) Tj = 25°C 

25 

100 


pA 



Tj = 70°C 



2 

nA 

•b 

Maximum Input Bias Current 

(Notes 8, 9) Tj = 25°C 

50 

200 


pA 



Tj = 70°C 



4 

nA 

Rin 

Input Resistance 

Tj = 25°C 

1012 



a 

AVOL 

Minimum Large Signal 

V 0 = ± 10 V,R L = 2 ka 

200 

50 

25 

V/mV 


Voltage Gain 

(Note 9) 

v 0 

Minimum Output Voltage Swing 

R l = 10k 

±13.5 

±12 

±12 

V 

V CM 

Minimum Input Common 


+ 14.5 

+ 11 

+ 11 

V 


Mode Voltage Range 


-11.5 

-11 

-11 

V 

CMRR 

Minimum Common-Mode 
Rejection Ratio 

R s ^ 10 ka 

100 

80 

80 

dB 

PSRR 

Minimum Supply Voltage 
Rejection Ratio 

(Note 1 0) 

100 

80 

80 

dB 

is 

Maximum Supply Current 



6.5 

6.5 

mA 


AC Electrical Characteristics The following specifications apply for V+ = + 15VandV~ = — 1 5V. Limits 
apply for T a = Tj = 25°C. 


Symbol 

Parameter 

Conditions 

LF453CM 

Units 

Typical 
(Note 5) 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

SR 

Slew Rate 

> 

< 

II 

+ 

13 

8 


V/jLtS 

GBW 

Minimum Gain-Bandwidth Product 

f = 100 kHz 

4 

2.7 


MHz 

e n 

Equivalent Input Noise Voltage 

R s = looa.f = 1 kHz 

25 



nV/t/Hz 

•n 

Equivalent Input Noise Current 

R s = 100a,f = 1 kHz 

0.01 



pA/t/Hz 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating ratings. 

Note 2: When the input voltage exceeds the power supplies, the current should be limited to 1 mA. 

Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tj MAX, 0 ja and the ambient temperature, T a . The 
maximum allowable power dissipation at any temperature is Pq = (Tj MAX - Ta)/©ja or the number given in the Absolute Maximum Ratings, whichever is lower. 
For guaranteed operation Tj max = 125°C. The typical thermal resistance (© JA ) of the LF453CM when board-mounted is 160°C/W. 

Note 4: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” (section titled “Surface Mount”) for other methods of soldering surface 
mount devices. 


Note 5: Typicals are at Tj = 25°C and represent most likely parametric norm. 

Note 6: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 7: Design limits are guaranteed to National’s AOQL, but not 100% tested. 

Note 8: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature Tj. Due to limited 
production test time, the input bias currents are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pq. Tj = Ta + ©ja Pd where ©ja is the thermal resistance from junction to ambient. 

Note 9: Vos. , B. AVOL and los are measured at Vqm = 0V. 

Note 10: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. 


1 


1-107 


LF453 





0 10 20 30 40 50 60 70 

TEMPERATURE (°C> 

0.1 

1.0 10 

FREQUENCY (MHz) 

100 

0 10 20 30 40 ,50 

TEMPERATURE ( C) 

60 70 






TL/H/9710-4 




Typical Performance Characteristics (Continued) 


Distortion vs Frequency 



10 100 Ik 10k 100k 


FREQUENCY (Hz) 


Undistorted Output 
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Open Loop 
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TL/H/9710-5 
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Pulse Response 

Small Signal Inverting 



TIME (0.2;us/DIV) 

TL/H/9710-6 


Small Signal Non-Inverting 



TIME (0.2 jus/OIV) 


TL/H/9710-7 


Large Signal Inverting 


Large Signal Non-Inverting 



TIME (2 ms/01 V) 

TL/H/9710-9 


TIME (2 Ats/OIV) 


TL/H/9710-8 



Current Limit (Rl = 100 fi) 



TIME (5 ms/OIV) 


TL/H/9710-10 
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Application Hints 

These devices are op amps with an internally trimmed input 
offset voltage and JFET input devices (BI-FET II). These 
JFETs have large reverse breakdown voltages from gate to 
source and drain eliminating the need for clamps across the 
inputs. Therefore, large differential input voltages can easily 
be accommodated without a large increase in input current. 
The maximum differential input voltage is independent of 
the supply voltages. However, neither of the input voltages 
should be allowed to exceed the negative supply as this will 
cause large currents to flow which can result in a destroyed 
unit. 

Exceeding the negative common-mode limit with the non-in- 
verting input, or with both inputs, will force the output to a 
high state, potentially causing a reversal of phase to the 
output. In neither case does a latch occur since raising the 
input back within the common-mode range again puts the 
input stage and thus the amplifier in a normal operating 
mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output; however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

The amplifiers will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 

Each amplifier is individually biased by a zener reference 
which allows normal circuit operation on ± 5V power sup- 
plies. Supply voltages less than these may result in lower 
gain bandwidth and slew rate. 

The amplifiers will drive a 2 kit load resistance to ± 1 0V 
over the full temperature range of 0°C to + 70°C. If the am- 
plifier is forced to drive heavier load currents, however, an 
increase in input offset voltage may occur on the negative 
voltage swing and finally reach an active current limit on 
both positive and negative swings. 


Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in po- 
larity or that the unit is not inadvertently installed backwards 
in a socket as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive.The parallel resistance and capacitance 
from the input of the device (usually the inverting input) to 
AC ground set the frequency of the pole. In many instances 
the frequency of this pole is much greater than the expected 
3 dB frequency of the closed loop gain and consequently 
there is negligible effect on stability margin. However, if the 
feedback pole is less than approximately 6 times the ex- 
pected 3 dB frequency a lead capacitor should be placed 
from the output to the input of the op amp. The value of the 
added capacitor should be such that the RC time constant 
of this capacitor and the resistance it parallels is greater 
than or equal to the original feedback pole time constant. 
The benefit of the SO package results from its very small 
size. It follows, however, that the die inside the SO package 
is less protected from external physical forces than a die in 
a standard DIP would be, because there is so much less 
plastic in the SO. Therefore, not following certain precau- 
tions when board mounting the LF453CM can put mechani- 
cal stress on the die, lead frame, and/or bond wires. This 
can cause shifts in the LF453CM's parameters, even caus- 
ing them to exceed limits specified in the Electrical Charac- 
teristics. For recommended practices in LF453CM surface 
mounting refer to Application Note AN450 “Surface Mount- 
ing Methods and Their Effect on Product Reliability” and to 
the section titled “Surface Mount” found in any Rev 1. Lin- 
ear Databook volume. 
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National Semiconductor 


LH0003 

Wide Bandwidth Operational Amplifier 


General Description 

The LH0003/ LH0003C is a general purpose operational 
amplifier which features: slewing rate up to 70 V/jlls, a gain 
bandwidth of up to 30 MHz, and high output currents. Other 
features are: 

Features 

■ Very low offset voltage Typically 0.4 mV 

■ Large output swing > ±10V into 100H load 


■ High CMRR Typically > 90 dB 

■ Good large signal 50 kHz to 400 kHz de- 
frequency response pending on compensation 

The LH0003 is specified for operation over the -55°C to 
+ 1 25°C military temperature range. The LH0003C is speci- 
fied for operation over the 0°C to + 85°C temperature range. 


Schematic and Connection Diagrams 



Cl 



TL/K/10123-2 

Top View 

Order Number LH0003H, 
LH0003H-MIL or LH0003CH 
See NS Package Number H10G 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage ± 20V 

Power Dissipation See curve 

Differential Input Voltage ±7V 


Input Voltage Equal to supply 

Load Current 120 mA 

Operating T emperature Range LH0003 - 55°C to + 1 25°C 
LH0003C 0°C to + 85°C 

Storage T emperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


Electrical Characteristics (Notes 1 & 2) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Input Offset Voltage 

r s < 100a 


0.4 

3.0 

mV 

Input Offset Current 



0.02 

0.2 

juA 

Input Bias Current 



0.4 

2.0 

juA 

Supply Current 

V S = ±20V 


1.2 

3 

mA 

Voltage Gain 

R L = 100k, V s = ± 15V, Vqut = ±10V 

20 

70 


V/mV 

Voltage Gain 

Rj_ = 2k, V s = ±15V, V 0U t = ±10V 

15 

40 


V/mV 

Output Voltage Swing 

V s = ±15, R L = 100a 

±10 

±12 


V 

Input Resistance 



100 


ka 

Average Temperature 

Coefficient of Offset Voltage 

R s < 100a 


4 


juV/°C 

Average Temperature 

Coefficient of Bias Current 



8 


nA/°C 

CMRR 

R s <100a,V s - ±15V,V| N = ±10V 

70 

90 


dB 

PSRR 

R s <100a,V s = ± 1 5V, AV = 5V to 20V 

70 

90 


dB 

Equivalent Input 

Noise Voltage 

R s = 100a, f = 10 kHz to 100 kHz 

V S = ±15V 




jtxVrms 


Note 1: These specifications apply for Pin 7 grounded, for ±5V < Vs < ±20V, with capacitor Ci = 90 pF from pin 1 to pin 10 and C 2 = 90 pF from pin 5 to 
ground, over the specified operating temperature range, unless otherwise specified. 

Note 2: Typical values are for Iambient = 25°C unless otherwise specified. 

Note 3: See #RETS0003X for the LM0003H military specifications. 


Typical Performance Characteristics 


Maximum Power Dissipation 



25 50 75 100 125 

TEMPERATURE (°C) 


Large Signal Frequency 
Response 



Open Loop Frequency 



io° 10 1 10 2 10 3 10 4 10 5 10 6 10 7 10 8 

FREQUENCY (Hz) 

TL/K/ 101 23-5 
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Typical Applications 
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National Semiconductor 


LH0004 High Voltage Operational Amplifier 


General Description 

The LH0004 is a general purpose operational amplifier de- 
signed to operate from supply voltages up to ±40V. The 
device dissipates extremely low quiescent power, typically 8 
mW at 25° C and V s = ±40V. 

The LH0004’s high gain and wide range of operating volt- 
ages make it ideal for applications requiring large output 
swing and low power dissipation. 

The LH0004 is specified for operation over the -55°C to 
+ 1 25°C military temperature range. The LH0004C is speci- 
fied for operation over the 0°C to + 85°C temperature range. 

Features 

■ Capable of operation over the range of ±5V to ±40V 

■ Large output voltage typically ±35V for the LH0004 
and ±33V for the LH0004C into a 2 kH load with 
±40V supplies 


■ Low input offset voltage typically 0.3 mV 

■ Frequency compensation with 2 small capacitors 

■ Low power consumption 8 mW at ±40V 

Applications 

■ High voltage power supply 

■ Resolver excitation 

■ Wideband high voltage amplifier 

■ Transducer power supply 


Schematic and Connection Diagrams 



COMPENSATION 



TL/H/5559-2 

Note: Pin 7 must be grounded or connected to a 
voltage at least 5V more negative than the positive 
supply (Pin 9). Pin 7 may be connected to the nega- 
tive supply; however, the standby current will be in- 
creased. A resistor may be inserted in series with 
Pin 7 to Pin 9. The value of the resistor should be a 
maximum of 100 kft per volt of potential between 
Pin 3 and Pin 9. 

Order Number LH0004H, 
LH0004H-MIL or LH0004CH 
See NS Package Number H10G 


1-116 




Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 2) 

Supply Voltage ± 45V 

Power Dissipation (see Curve) 400 mW 

Differential Input Voltage ± 7V 

Input Voltage Equal to Supply 


Short Circuit Duration 
Operating Temperature Range 
LH0004 
LH0004C 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 
ESD rating to be determined. 


3 sec 

- 55°C to + 1 25°C 
0°C to +85°C 
-65°C to + 150°C 
260°C 


Electrical Characteristics (Notei) 


Parameter 

Conditions 

LH0004 

LH0004C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

R s <: 100 a,T A = 25°C 

R s ^ ioon 


0.3 

j 

1.0 

2.0 


0.3 


mV 

Input Bias Current 

T a = 25°C 


20 

i 

100 

300 


30 

120 

300 

nA 

Input Offset Current 

T a = 25°C 


3 

20 

100 


10 


nA 

Positive Supply Current 

cfJ? 

II II 

l+ l+ 

o o 
< < 

II 

ro 

O 


110 

150 

175 


110 


juA 

Negative Supply Current 

V s = ±40 V,T a = 25°C 

V s = ±40V 


80 

100 

135 


80 


jaA 

Voltage Gain 

V s = ±40V, R l = 100k, T a = 25°C 
V 0U T= ±30V 

30 

60 


30 

60 


V/mV 

V s = ±40V, R l = 100k 

Vqut = - 30 V 

10 



10 



V/mV 

Output Voltage 

V s = ± 40V, R|_ = 10k 


±35 

±30 


±33 

±30 

V 

CMRR 

V s = +40V, R s ^ 5k 

V, N = ±33V 

70 

90 


70 

90 



PSRR 

V s = ±40V, R s ^ 5k 

AV = 20V to 40V 

70 

90 


70 

90 


dB 

Average Temperature 
Coefficient Offset Voltage 

r s ^ iooa 

■ 

4.0 

■ 

■ 




Average Temperature 
Coefficient of 

Offset Current 



0.4 



0.4 


nA/°C 

Equivalent Input 

Noise Voltage 

R s = 100ft, V S = ±40V 
f = 500 Hz to 5 kHz, T A = 25°C 

■ 


■ 

■ 





Note 1: These specifications apply for ±5V ^ Vs £ ±40V, Pin 7 grounded, with capacitors Cl = 39 pF between Pin 1 and Pin 10, C2 = 22 pF between Pin 5 and 
ground, -55°C to + 125°C for the LH0004, and 0°C to + 85°C for the LH0004C unless otherwise specified. 

Note 2: Refer to RETS0004X for LH0004H military specifications. 



i 
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Typical Applications 


Voltage Follower 
Rl # 



Input Offset 
Voltage Adjust 


v + 



External Current 
Limiting Method 


High Compliance 
Current Source 


01 02 10K 




±£jN 

10K 


TL/H/5559-6 






VOLTAGE GAIN (dB) NEGATIVE SUPPLY CURRENT (pA) INPUT VOLTAGE (±V) 


Typical Performance Characteristics 


x 

O 



• 5 IS 25 35 45 

SUPPLY VOLTAGE (±V) 



0 IS 20 30 40 

SUPPLY VOLTAGE (±V) 


Voltage Gain 



0 10 20 30 40 


SUPPLY VOLTAGE (±V) 


Negative Supply Current 



0 10 20 30 40 

SUPPLY VOLTAGE <±V) 


Positive Supply Current 



0 10 20 30 40 

SUPPLY V0LTA6E (±V| 


Output Voltage 



0 15 30 45 

SUPPLY VOLTAGE (±V) 


Open Loop Frequency 
Response 



o 1 — 1 — 1 — 1 — 1 — 1 — 1 ^ 

0.1 10 Ik 100k 10M 

FREQUENCY (Hi) 


Large Signal 



g I I I I I IV 31 I 1 

0.1 10 Ik 100k 100M 

FREQUENCY (Hz) 


Package Power Dissipation 



0 50 100 150 

TEMPERATURE (°C) 

TL/H/5559-7 
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LH002 1/LH0021 C/LH004 1 /LH004 1 C 



National Semi 


conductor 


LH0021/LH0021C 1.0 Amp Power Operational Amplifier 
LH0041/LH0041C 0.2 Amp Power Operational Amplifier 


General Description 

The LH0021 /LH0021 C and LH0041/LH0041C are general 
purpose operational amplifiers capable of delivering large 
output currents not usually associated with conventional 1C 
Op Amps. The LH0021 will provide output currents in ex- 
cess of one ampere at voltage levels of + 12V; the LH0041 
delivers currents of 200 mA at voltage levels closely ap- 
proaching the available power supplies. In addition, both the 
inputs and outputs are protected against overload, the de- 
vices are compensated with a single external capacitor and 
are free of any unusual oscillation or latch-up problems. 
The excellent input characteristics and high output capabili- 
ty of the LH0021 make it an ideal choice for power applica- 
tions such as DC servos, capstan drivers, deflection yoke 
drivers, and programmable power supplies. 

The LH0041 is particularly suited for applications such as 
torque driver for inertial guidance systems, diddle yoke driv- 
er for alpha-numeric CRT displays, cable drivers, and pro- 
grammable power supplies for automatic test equipment. 
The LH0021 is supplied in a 8 pin TO-3 package rated at 20 
watts with suitable heatsink. The LH0041 is supplied in both 


12 pin TO-8 (2.5 watts with clip on heatsink) and a power 8 
pin ceramic DIP (2 watts with suitable heatsink). The 
LH0021 and LH0041 are guaranteed over the temperature 
range of -55°C to +125°C while the LH0021C and 
LH0041C are guaranteed from -25°C to +85°C. 


Features 

■ Output current 

LH0021 

LH0041 

■ Output voltage swing 

LH0021 

LH0041 

■ Wide full power bandwidth 

■ Low standby power 

■ Low input offset 
voltage and current 

■ High slew rate 

■ High open loop gain 


1 .0 Amp 
0.2 Amp 

±12V into 10a 
± 14V into 100H 
15 kHz 
100 mW at ± 15V 

1 mV and 20 nA 
3.0V/jus 
100 dB 


Schematic Diagram 



COMP 

C(EXT) 3000 pF 
OUT 


*Rgc external on “G” and “K” packages. Rgc 
internal on “J” package. Offset Null connec- 
tions available only on “G” package. 


TL/H/9298-1 
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Absolute Maximum Ratings 




If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Output Short Circuit Duration (Note 3) 
Operating Temperature Range 
LH0021/LH0041 

Continuous 

— 55°C to + 1 25°C 

Supply Voltage 

± 18V 

LH0021 C/LH0041 C 

— 25°C to +85°C 

Power Dissipation 

See Curves 

Storage Temperature Range 

- 65°C to + 1 50°C 

Differential Input Voltage 

±30V 

Lead Temperature (Soldering, 10 sec.) 

300°C 

Input Voltage (Note 1) 

± 15V 

ESD rating to be determined. 


Peak Output Current (Note 2) 

LH0021 /LH0021 C 

LH0041 /LH0041C 

2.0 Amps 

0.5 Amps 




DC Electrical Characteristics for LH0021/LH0021C (Note 4> 




| Limits 


Parameter 

Conditions 

| LH0021 

LH0021C 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


Input Offset Voltage 

R s < 100ft, T c = 25°C 


1.0 

3.0 


3.0 

6.0 

mV 


R s < 100ft 



5.0 



7.5 

mV 

Voltage Drift with Temperature 

R s < 100ft 


3 

25 


5 

30 

/xV/°C 

Offset Voltage Drift with Time 



5 



5 


jaV/week 

Offset Voltage Change with Output Power 



5 

15 


5 

20 

]LlV/W 

Input Offset Current 

T c = 25°C 


30 

100 


50 

200 

nA 





300 



500 

nA 

Offset Current Drift with Temperature 



0.1 

1.0 


0.2 

1.0 

nA/°C 

Offset Current Drift with Time 



2 



2 


nA/week 

Input Bias Current 

T c = 25°C 


100 

300 


200 

500 

nA 





1.0 



1.0 

jllA 

Input Resistance 

T C = 25°C 

0.3 

1.0 


0.3 

1.0 


Mft 

Input Capacitance 



3 



3 


PF 

Common Mode Rejection Ratio 

R s 100ft, AV C m = ±10V 

70 

90 


70 

90 


dB 

Input Voltage Range 

V s = +15V 

±12 



±12 



V 

Power Supply Rejection Ratio 

R s ^ 100ft, AV S = ±10V 

80 

96 


70 

90 


dB 

Voltage Gain 

V S = ± 15V, V 0 = ±10V 

R L = 1 kft, T c = 25°C 

V s = ± 1 5V, V 0 = +10V 

100 

200 


100 

200 

■ 

V/mV 


R L = 100ft 

25 



20 


■ 

V/mV 

Output Voltage Swing 

V s = ± 15V, R l = 100ft 

±13.5 

14 


±13 

±14 


V 


V S = ± 15V, R l = 10ft, T c = 25°C 

±11.0 

±12 


±10 

±12 


V 

Output Short Circuit Current 

V S = ±15V, T c = 25°C, R S c = 0.5ft 

0.8 

1.2 

1.6 

0.8 

1.2 

iia 

Amps 

Power Supply Current 

V S = ±15V,V O ut = 0 


2.5 

3.5 


3.0 

ED 

mA 

Power Consumption 

V S = ± 1 5V, Vqut — 0 


75 

105 


90 

IBil 

mW 


AC Electrical Characteristics forLH002i/LH002ic(T A = 25°c, v s = ±i5v,c c = 3000 pF) 




Limits | 


Parameter 

Conditions 

LH0021 

LH0021C 




Min 

Typ 

Max 

Min 

Typ 



Slew Rate 

A v — + 1 , Rj_ = 1 00ft 

0.8 

3.0 


1.0 

3.0 



Power Bandwidth 

R L = 100ft 


20 



20 


kHz 

Small Signal Transient Response 



0.3 



Kni 

wm 


Small Signal Overshoot 



5 



mm 

| | 


Settling Time (0.1%) 

AV| N = 10V, A v = +1 


4 



4 


JU.S 

Overload Recovery Time 



3 



3 


fJhS 

Harmonic Distortion 

f = 1 kHz, P 0 = 0.5W 


0.2 



0.2 


% 

Input Noise Voltage 

R s = 50ft, B. W. = 1 0 Hz to 1 0 kHz 


5 



5 


juV/rms 

Input Noise Current 

B.W. = 10 Hz to 10 kHz 


0.05 



0.05 


nA/rms 
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LH0021/LH0021C/LH0041/LH0041C 


DC Electrical Characteristics for LH0041/LH0041C (Note 4) 

Parameter 

Conditions 

Limits | 

Units 

LH0041 

LH0041C 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

R s < 100n,T A = 25° C 

r s < 1 oon 


1.0 

3.0 

5.0 


3.0 

6.0 

7.5 

mV 

mV 

Voltage Drift with Temperature 

r s < ioon 


3 



5 


julV/°C 

Offset Voltage Drift with Time 



5 



5 


ju,V/week 

Offset Voltage Change with Output Power 



15 


HI 



jmV/W 

Offset Voltage Adjustment Range 

(Note 5) 


20 


Ml 



mV 

Input Offset Current 

T a = 25°C 


30 

100 

300 


50 

200 

500 

nA 

nA 

Offset Current Drift with Temperature 



0.1 

1.0 


0.2 

1.0 

nA/°C 

Offset Current Drift with Time 



2 



2 


nA/week 

Input Bias Current 

T a = 25°C 


100 

300 

1.0 


200 

500 

1.0 

nA 

juA 

Input Resistance 

T a = 25°C 

0.3 

1.0 


0.3 

1.0 


Mn 

Input Capacitance 



3 



3 


PF 

Common Mode Rejection Ratio 

R s ioon, av C m = ±iov 

70 

90 


70 

90 


dB 

Input Voltage Range 

< 

CO 

II 

1+ 

Ol 

< 

+ 12 



+ 12 



V 

Power Supply Rejection Ratio 

r s <; ioon, av s = ±iov 

80 

96 


70 

90 


dB 

Voltage Gain 

V s = ± 1 5V, v 0 = ±iov 

R l = 1 kn, T a = 25°C 

Vs = ± 15V, V 0 = + 10V 

r l = ioon 

100 

25 

200 


100 

20 

200 


V/mV 

V/m V 

Output Voltage Swing 

v s = ± 1 5V, r l = ioon 







V 

Output Short Circuit Current 

V s = ± 15V, T a = 25°C 
(Note 6) 


200 

300 


200 

300 

mA 

Power Supply Current 

V S = ±15V,V O UT = 0 


2.5 

3.5 


3.0 

4.0 

mA 

Power Consumption 

V S — ±15V,V O ut = 0 


75 

105 


90 

120 

mW 

AC Electrical Characteristics forLH004i/i_H004ic(T A = 25°c, v s = ±isv, c c = 3000 pF> 

Parameter 

Conditions 

| Limits 


LH0041 

LH0041C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 


Slew Rate 

a v = +i,Rl = ioon 

1.5 

3.0 


1.0 

3.0 


V/ jutS 

Power Bandwidth 

r l = ioon 


20 



im 

inn 

kHz 

Small Signal Transient Response 



0.3 

1.0 


IBB 

KB 

jaS 

Small Signal Overshoot 



5 

20 


10 

30 

% 

Settling Time (0.1 %) 

AVim = 10V, A v = +1 


4 



4 


fJL S 

Overload Recovery Time 



3 



3 


jLtS 

Harmonic Distortion 

f = 1 kHz, P 0 = 0.5W 


0.2 



0.2 


% 

Input Noise Voltage 

R s = 50n, B.W. = 1 0 Hz to 1 0 kHz 


5 



5 


jaV/rms 

Input Noise Current 

B.W. = 10 Hz to 10 kHz 


0.05 



0.05 


nA/rms 

Note 1: Rating applies for supply voltages above ±15V. For supplies less than ±15V, rating is equal to supply voltage. 

Note 2: Rating applies for LH0041G and LH0021K with Rsc = Oft. 

Note 3: Rating applies as long as package power rating is not exceeded. 

Note 4: Specifications apply for ±5V £ V s ±18V, and -55°C £ T c = £ 125°C for LH0021K and LH0041G, and -25°C <: T c £ +85°C for LH0021CK, 
LH0041CG and LH0041CJ unless otherwise specified. Typical values are for 25°C only. 

Note 5: TO-8 “G” packages only. 

Note 6: Rating applies for “J” DIP package and for TO-8 “G” package with Rsc = 3.3 ohms. 

Note 7: See Typical Performance Characteristics. 
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Typical Performance Characteristics 


Power Derating-LH0021 



0 25 50 75 100 125 150 


Safe Operating Area — LH0021 



Package Power Dissipation 



0 25 50 75 100 125 150 


TEMPERATURE (°C) 


OUTPUT VOLTAGE (V) 


TEMPERATURE (°C) 


Output Voltage Swing 



4 6 8 10 12 14 16 18 20 


Open Loop Frequency 
Response 

120 
S' 100 

I 80 

« 60 

I 40 
20 
0 

1 10 100 IK 10K 100K 1M 



Large Signal Frequency 
Response 



0 i m i mm i 1 1 mm ixxjiiu 

IK 10K 100K 1M 


SUPPLY VOLTAGE (±V) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


Voltage Follower Pulse 
Response 



-5 0 5 10 15 20 25 30 35 



o 


to 


No Load Supply Current 



■ 



□ 

n 

■ 


m 

m 

fj 

■ 


V 

£ 

4 

T 

r 





T c = 5 

1 

15°C 




I25°C 





U 

r 




5.0 75 10.0 12 5 15.0 175 20j0 


Short Circuit Current vs 
Temperature LH0021/LH0021C 



-75 -50 -25 0 25 50 75 100 125 150 


TIMERS) 


SUPPLY VOLTAGE (±V) 


CASE TEMPERATURE (°C) 


Short Circuit Current vs 
Temperature LH0041/LH0041C 



-50 -25 0 25 50 75 100 125 

CASE TEMPERATURE (°C) 


Input Bias Current 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Voltage Gain 



5 10 15 20 

SUPPLY VOLTAGE (±V) 

TL/H/9298-6 
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Connection Diagrams (Continued) 





TL/H/9298-4 

Top View 


Order Number LH0041CJ 
See NS Package Number HY08A 



sc- 



GND COMP SC + 


Order Number LH0041E 
See NS Package Number E48A 


TL/H/9298-5 


Typical Applications 


Programmable One Amp Power Supply 



TL/H/9298-8 



LH002 1 / LH002 1 C/ LH004 1 / LH004 1 C 





Typical Applications (Continued) 


CRT Deflection Yoke Driver 

+15V 



TL/H/9298-11 


Two Way Intercom 

+15V 



TL/H/9298-12 


Programmable High Current Source/Sink 


R2 

IK 



TL/H/9298-13 





LH002 1/LH002 1 C/LH004 1/LH004 1 C 
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National Semiconductor 


LH0024 High Slew Rate Operational Amplifier 

General Description 

The LH0024/ LH0024C is a very wide bandwidth, high slew 
rate operational amplifier intended to fulfill a wide variety of 
high speed applications such as buffers to A to D and D to A 
converters and high speed comparators. The device exhib- 
its useful gain in excess of 50 MHz making it possible to use 
in video applications requiring higher gain accuracy than is 
usually associated with such amplifiers. 

The LH0024/ LH0024C’s combination of wide bandwidth 
and high slew rate make it an ideal choice for a variety of 
high speed applications including active filters, oscillators, 
and comparators as well as many high speed general pur- 
pose applications. 


The LH0024 is guaranteed over the temperature range 
— 55°C to + f 25°C, whereas the LH0024C is guaranteed 
— 25°C to + 85°C. 

Features 

■ Very high slew rate— 500 V//xs at Ay = +1 

■ Wide small signal bandwidth — 70 MHz 

■ Wide large signal bandwidth — 15 MHz 

■ High output swing— ± 12V into Ik 

■ Low input offset — 2 mV 

■ Pin compatible with standard 1C op amps 



Schematic and Connection Diagrams 


COMP/NULL 



Metal Can Package 

COMP/NULL 



TL/K/5552-2 

Top View 

Note: For heat sink use Thermalloy 2230-5 
series. 


Order Number LH0024H, 
LH0024H-MIL or LH0024CH 
See NS Package Number H08B 


1 
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LH0024 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 2) 

Supply Voltage ±18V 

Input Voltage Equal to Supply 

Differential I nput Voltage ± 5 V 

Power Dissipation 600 mW 


Storage Temperature Range - 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 260°C 

ESD rating to be determined. 

Operating Temperature Range 

LH0024 - 55°C to + 1 25°C 

LH0024C -25“C to +85°C 


DC Electrical Characteristics (Note i) 


Parameter 

Conditions 

LH0024 

LH0024C 

Units 



|3§ 







Input Offset Voltage 

R S = 50ft, T a = 25°C 


2.0 

wm 


5.0 

8.0 



R S = 50 ft 






10.0 


Average Temperature 

Vs = ±15V,Rs = son 








Coefficient of Input 
Offset Voltage 

— 55°C to 1 25°C 


-20 




1 1 


Input Offset Current 

T a = 25°C 


2.0 

5.0 


4.0 

15.0 

juA 





10.0 



20.0 

julA 

Input Bias Current 

T a = 25°C 


15 

30 


mm 


/xA 





40 


Wm 


]xA 

Supply Current 



12.5 

15 


BSI 


mA 

Large Signal Voltage 

V s = ± 15V, R L = Ik, T A = 25°C 

4 

5 


3 

H 


V/mV 

Gain 

V s = ± 15V, R l = Ik 

3 



2.5 



V/mV 

Input Voltage Range 

V s = ± 15V 

±12 

±13 


±12 



V 

Output Voltage 

V s = ± 1 5V, R l = Ik, T a = 25°C 

±12 

±13 


±10 



V 

Swing 

V s = ± 15V, R l = Ik 

±10 



±10 



V 

Slew Rate 

V s = ± 1 5V, R|_ = Ik, 

Ci = C 2 = 30 pF, 

A v = +1,T A = 25°C 

400 

500 

■ 



■ 

V/juts 

Common-Mode 

V s = ± 15V, AV| N = +10V, 

|':\| 

60 

|| 




dB 

Rejection Ratio 

Rg = son 


IBB 



Power Supply 



60 


■ 



dB 

Rejection Ratio 







Note 1: These specifications apply for Vs = +15V and -55°C to + 1 25°C for the LH0024 and -25°C to +85°C for the LH0024C. 
Note 2: Refer to RETS0024 for LH0024H military specifications. 


Frequency Compensation 

TABLE I 






100 

0 

0 

0 

0 

<N 

0 


0 

10 

0 

20 pF 

IpF 

1 

30 pF 

30 pF 

3 pF 


Frequency Compensation Circuit 

C3 
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Typical Performance Characteristics 


Maximum Power Dissipation 



0 25 SO 75 100 125 150 

TEMPERATURE < C) 


Large Signal Frequency 
Response 


n 

m 

■ in 

■ i 

ii 


in 

■ 

IB 1 

H 


■ 

in 

1 1 

e 


■i 

mu 

111 1 

B 

CSwIlT 

■ 

111 >1 


10K 100K 1M 10M 100M 

FREQUENCY (Hi) 


Open Loop Frequency 



10k 100k 1M 10M 100M 

FREQUENCY (Hi) 


Voltage Follower Pulse 
Response 



0 100 200 300 400 500 

TIME (ns) 


Input Voltage vs Supply 



0 5 10 15 20 

SUPPLY VOLTAGE (*V) 



0 5 10 15 20 

SUPPLY VOLTAGE ( V) 


Supply Current vs 



46 8 10 12 14 16 18 

SUPPLY VOLTAGE <*V) 


Applications Information 

LAYOUT CONSIDERATIONS 

The LH0024/LH0024C, like most high speed circuitry, is 
sensitive to layout and stray capacitance. Power supplies 
should be by-passed as near the device as is practicable 
with at least 0.01 jaF disc type capacitors. Compensating 
capacitors should also be placed as close to device as pos- 
sible. 

COMPENSATION RECOMMENDATIONS 

Compensation schemes recommended in Table 1 work well 
under typical conditions. However, poor layout and long 
lead lengths can degrade the performance of the LH0024 or 
cause the device to oscillate. Slight adjustments in the val- 
ues for Cl , C2, and C3 may be necessary for a given layout. 
In particular, when operating at a gain of -1, C3 may re- 


Input Bias Current 



4 6 8 10 12 14 16 18 

SUPPLY VOLTAGE <-V) 

TL/K/5552-7 


quire adjustment in order to perfectly cancel the input ca- 
pacitance of the device. 

When operating the LH0024/LH0024C at a gain of + 1, 
the value of R1 should be at least 1 k ft. 

The case of the LH0024 is electrically isolated from the cir- 
cuit; hence, it may be advantageous to drive the case in 
order to minimize stray capacitances. 

HEAT SINKING 

The LH0024/LH0024C is specified for operation without the 
use of an explicit heat sink. However, internal power dissi- 
pation does cause a significant temperature rise. Improved 
offset voltage drift can be obtained by limiting the tempera- 
ture rise with a clip-on heat sink such as the Thermalloy 
2228B or equivalent. 
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National Semiconductor 


LH0032 

Ultra Fast FET-Input Operational Amplifier 


General Description 

The LH0032 is a high slew rate, high input impedance differ- 
ential operational amplifier suitable for diverse applications 
in fast signal handling. The high allowable differential input 
voltage, ease of output clamping, and high output drive ca- 
pability particularly suit it for comparator applications. It may 
be used in applications normally reserved for video amplifi- 
ers allowing the use of operational gain setting and frequen- 
cy response shaping into the megahertz region. 

The LH0032’s wide bandwidth, high input impedance and 
high output capacity make it an ideal choice for applications 
such as summing amplifiers in high speed D to A convert- 
ers, buffers in data acquisition systems and sample and 
hold circuits. Additional applications include high speed inte- 
grators and video amplifiers. The LH0032 is guaranteed for 
operation over the temperature range — 55°C to +125°C, 
the LH0032C is guaranteed for -25°C to +85°C. 


Features 

■ 500 V/jlis slew rate 

■ 70 MHz bandwidth 

■ 1012a input impedance 

■ As low as 2 mV max input offset voltage 

■ FET input 

■ Peak output current to 1 00 mA 


Schematic 



! 


i 

ij 
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Absolute Maximum Ratings (Note 9) 

Supply Voltage, Vs ± 1 8V 

Input Voltage, V|n ± Vs 

Differential Input Voltage ± 30V or ± 2 Vs 

Power Dissipation, Pp (Note 1 0) 

Steady State Output Current ± 100 mA 

Storage T emperature Range - 65°C to + i 50°C 

Lead T emp. (Soldering, 1 0 seconds) 300°C 


Operating Ratings 

Temperature Range, Ta 
LH0032G 
LH0032CG 

Junction Temperature, Tj 
LH0032G 

Thermal Resistance (Note 8) 
Oja G Package 
0jc G Package 


— 55°C to +125°C 
— 25°Cto +85°C 


100°C/W 

70°C/W 


DC Electrical Characteristics Vs = ± 15V, Tmin ^ Ta ^ T M ax unless otherwise noted (Note 2) (T A = Tj) 


LH0032 


Symbol 

Parameter 

Test Conditions 

Vos 

Input Offset 
Voltage 


T a = Tj = 25°C 
(Note 3) 

AVqs/ 

AT 

Average Offset 
Voltage Drift 


(Note 4) 

los 

Input Offset 
Current 

V| N = 0 

Tj — 25°C (Note 3) 
T A — 25°C (Note 5) 

*B 

Input Bias 
Current 


Tj = 25°C (Note 3) 
T a = 25°C (Note 5) 


*V|ncm Input Voltage 
Range 


CMRR 

Common Mode 
Rejection 

Ratio 

AV, n =±10V 

Avol 

Open-Loop 

Voltage 

Gain 

Vq — ±10V, 
f=1 kHz 

R L = 1 k n 
(Note 6) 

v 0 

Output Voltage 
Swing 

R L = 1 kn 

is 

Power Supply 
Current 

T a = 25°C, 
l o = 0 (Note 5) 

PSRR 

Power Supply 
Rejection 

Ratio 

AV S — 10V 
(±5 to ±15V) 


Tj = 25°C 



57 


| LH0032C 

Units 

Min 

Typ 

Max 



2 

15 

20 

mV 


15 

50 

julV/°C 



±10 ±12 


±13.5 


±10 

±13 


V 

18 

20 


20 

22 

mA 

60 


50 

60 


dB 


^Guaranteed by CMRR test condition. 
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AC Electrical Characteristics v s = ± i sv, r l = i m, Tj = 25°c (Note r, 


Symbol 

Parameter 

| Conditions | 

Min 

Typ 

Max 

Units 

Sr 

Slew Rate 

£ 

II 

+ 

AV 1N = 20V 

350 

500 


V/jLLS 

t s 

Settling Time to 1 % of Final Value 

A v = -1, 


100 


ns 


Settling Time to 0.1 % of Final Value 


300 


ns 

t R 

Small Signal Rise Time 

A v = +1, AVim = IV 


8 

20 


*d 

Small Signal Delay Time 


10 

25 



Note 1: In order to limit maximum junction temperature to +175°C, it may be necessary to operate with VS < ±15V when Ta or Tq exceeds specific values 
depending on the Pd within the device package. Total Pd is the sum of quiescent and load-related dissipation. See applications notes AN-277, “Applications of 
Wide-Band Buffer Amplifiers” and AN-253, “High-Speed Operational-Amplifier Applications” for a discussion of load-related power dissipation. 

Note 2: LH0032G is 100% production tested as specified at 25°C, 125°C, and -55°C. LH0032CG is 100% production tested at 25 6 C only. Specifications at 
temperature extremes are verified by sample testing, but these limits are not used to calculate outgoing quality level. 

Note 3: Specification is at 25°C junction temperature due to requirements of high-speed automatic testing. Actual values at operating temperature will exceed the 
value at Tj =25 C. When supply voltages are ± 15V, no-load operating junction temperature may rise 40-60°C above ambient, and more under load conditions. 
Accordingly, Vos may change one to several mV, and lg and Iqs will change significantly during warm-up. Refer to lg and Iqs vs. temperature graph for expected 
values. 

Note 4: LH0032G is 100% production tested for this parameter. LH0032CG is sample tested only. Limits are not used to calculate outgoing quality levels. A Vos/ 
AT is the average value calculated from measurements at 25°C and T^ax- 

Note 5: Measured in still air 7 minutes after application of power. Guaranteed thru correlated automatic pulse testing. 

Note 6: Guaranteed thru correlated automatic pulse testing at Tj = 25°C. 

Note 7: Not 100% production tested; verified by sample testing only. Limits are not used to calculate outgoing quality level. 

Note 8: For operating at elevated temperatures, the device must be derated based on the thermal resistance Oja and Tj max. Tj = Ta + Pd^ja- 
Note 9: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 

Note 10: The maximum power dissipation is a function of maximum junction temperature Tj max, total thermal resistance Oja, and ambient temperature Ta- The 
maximum allowable power dissipation at any ambient temperature is Pd = (Tj max - Ta)/0ja- 
Note 11: See RETS0032X for LH0032G military specifications. 

Connection Diagram 

OUTPUT 

COMPENSATION 



Order Number LH0032G, 
LH0032G/883 or LH0032CG 
See NS Package Number G12B 
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Typical Performance Characteristics 
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SUPPLY VOLTAGE ( ±V) 
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Voltage vs. Supply Voltage 
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Normalized Input Bias and Offset 
Current vs. Junction Temperature 



25 45 65 85 105 125 145 165 
JUNCTION TEMPERATURE (°C) 


Normalized Input Bias 



if 

| 

I 


Total Input Noise 



10 100 Ik 10k 


FREQUENCY (Hz) 


TL/K/5265-2 

* Noise voltage includes contribution 
from source resistance. 
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Auxiliary Circuits 


Offset Null 



v- 


TL/K/5265-15 


Typical Applications 

Unity Gain Amplifier 


8 pF-10 pF 



TL/K/5265-17 


100X Buffer Amplifier 



TL/K/5265-19 


Output Short Circuit Protection 



TL/K/5265-16 


10X Buffer Amplifier 


5 pF 



TL/K/5265-18 


Non-Compensated Unity Gain Inverter 



TL/K/5265-20 



LH0032 


Typical Applications (Continued) 


High Speed Sample and Hold 

loon 




Applications Information 


POWER SUPPLY DECOUPLING 

The LH0032/LH0032A, like most high speed circuits, is sen- 
sitive to layout and stray capacitance. Power supplies 
should be by passed as near to pins 1 0 and 1 2 as practica- 
ble with low inductance capacitors such as 0.01 jaF disc 
ceramics. Compensation components should also be 
located close to the appropriate pins to minimize stray 
reactances. 


INPUT CURRENT 

Because the input devices are FETs, the input bias current 
may be expected to double for each 1 1 6 C junction tempera- 
ture rise. This characteristic is plotted in the typical perform- 
ance characteristics graphs. The device will self-heat due to 
internal power dissipation after application of power thus 
raising the FET junction temperature 40-60°C above free- 
air ambient temperature when supplies are ± 1 5V. The de- 
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Applications Information (Continued) 

vice temperature will stabilize within 5-10 minutes after ap- 
plication of power, and the input bias currents measured at 
that time will be indicative of normal operating currents. An 
additional rise would occur as power is delivered to a load 
due to additional internal power dissipation. 

There is an additional effect on input bias current as the 
input voltage is changed. The effect, common to all FETs, is 
an avalanche-like increase in gate current as the FET gate- 
to-drain voltage is increased above a critical value depend- 
ing on FET geometry and doping levels. This effect will be 
noted as the input voltage of the LH0032 is taken below 
ground potential when the supplies are ±15V. All of the 
effects described here may be minimized by operating the 
device with Vg^ ± 15V. 

These effects are indicated in the typical performance 
curves. 

INPUT CAPACITANCE 

The input capacitance to the LH0032/LH0032C is typically 
5pF and thus may form a significant time constant with high 
value resistors. For optimum performance, the input capaci- 
tance to the inverting input should be compensated by a 
small capacitor across the feedback resistor. The value is 
strongly dependent on layout and closed loop gain, but will 
typically be in the neighborhood of several picofarads. 

In the non-inverting configuration, it may be advantageous 
to bootstrap the case and/or a guard conductor to the in- 
verting input. This serves both to divert leakage currents 
away from the non-inverting input and to reduce the effec- 
tive input capacitance. A unity gain follower so treated will 
have an input capacitance under a picofarad. 

HEAT SINKING 

While the LH0032/LH0032A is specified for operation with- 
out any explicit heat sink, internal power dissipation does 
cause a significant temperature rise. Improved bias current 
performance can thus be obtained by limiting this tempera- 
ture rise with a small heat sink such as the Thermalloy No. 
2241 or equivalent. The case of the device has no internal 
connection, so it may be electrically connected to the sink if 
this is advantageous. Be aware, however, that this will affect 
the stray capacitances to all pins and may thus require ad- 
justment of circuit compensation values. 

For additional applications information request Applica- 
tion Note AN-253. 


Compensating the LH0032 

With the LH0032, two compensation schemes may be used, 
depending on the designer’s specific needs. 

The first technique is shown in Figure 14. It offers the best 
0.1 % settling time for a ± 10V square wave input. The com- 
pensation capacitors Cc and Ca should be selected from 
Figure 15 for various closed-loop gains. Figure 16 shows 
how the LH0032 frequency response is modified for differ- 
ent value compensation capacitors. 

Although this approach offers the shortest settling time, the 
falling edge exhibits overshoot up to 30% lasting 200 to 
300 ns. Figure 17 shows the typical pulse response. 



TL/K/5265-27 

FIGURE 14. LH0032 Frequency Compensation Circuit 
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TL/K/5265-28 

FIGURE 15. Recommended Value of 
Compensation Capacitor vs. Closed-Loop 
Gain for Optimum Settling Time 
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TL/K/5265-29 

FIGURE 16. The Effect of Various 
Compensation Capacitors on LH0032 
Open Loop Frequency Response 


TL/K/5265-31 

FIGURE 18. Recommended Value of 
Compensation Capacitor vs. Closed-Loop 
Gain for Optimum Slew Rate 
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TL/K/5265-30 

FIGURE 17. LH0032 Unity Gain Non-Inverting 
Large Signal Pulse Response: 

T a = 25° C, C c = 10 pF, C A = 100 pF 

If obtaining minimum ringing at the falling edge is the pri- 
mary objective, a slight modification to the above is recom- 
mended. It is based on the same circuit as that of Figure 14. 
The values of the unity gain compensation capacitors Cc 
and C A should be modified to 5 pF and 1000 pF, respective- 
ly. Figure 18 shows the suitable capacitance to use for vari- 
ous closed-loop gains. The resulting unity gain pulse re- 
sponse waveform is shown in Figure 19. The settling time to 
1% final value is actually superior to the first method of 
compensation. However, the LH0032 suffers slow settling 
thereafter to 0.1% accuracy at the falling edge, and nearly 
four times as much at the rising edge, compared to the pre- 
vious scheme. Note, however, that the falling edge ringing is 
considerably reduced. Furthermore, the slew rate is consist- 
ently superior using this compensation because of the 
smaller value of Miller capacitance Cc required. Typical im- 
provement is as much as 50%. A more detailed discussion 
of this effect is provided in the Slew Response section of 
this Application Note. 

The second compensation scheme works well with both in- 
verting or non-inverting modes. Figure 20 shows the circuit 



TL/K/5265-32 

FIGURE 19. LH0032 Unity Gain Non-Inverting 
Large Signal Pulse Response: 

C c = 5 pF, C A = 1000 pF 

schematic, in which a 270 fl resistor and a 0.01 ju,F capacitor 
are shunted across the inputs of the device. This lag com- 
pensation introduces a zero in the loop modifying the re- 
sponse such that adequate phase margin is preserved at 
unity gain crossover frequency. Note that the circuit requires 
no additional compensation. 



FIGURE 20. LH0032 Non-Compensated 
Unity Gain Compensation 
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N a t ion a l 


Semiconductor 


LH0042 

Low Cost FET Op Amp 


General Description 

The LH0042 is a FET input operational amplifier with very 
high input impedance and low input currents with no com- 
promise in noise, common mode rejection ratio, open loop 
gain, or slew rate. The LH0042 is internally compensated 
and is free of latch-up. 

The LH0042 is specified for operation over the -55°C to 
+ 1 25°C military temperature range. The LH0042C is speci- 
fied for operation over the -25°C to +85°C temperature 
range. 


The LH0042 op amp is intended to fulfill a wide variety of 
applications for process control, medical instrumentation, 
and other systems requiring very low input currents. The 
LH0042 provides low cost high performance for such appli- 
cations as electrometer and photocell amplification, pico- 
ammeters, and high input impedance buffers. 

Features 

■ High open loop gain — 100 dB typ 

■ Internal compensation 

■ Pin compatible with standard 1C op amps 
(TO-99 package) 


Connection Diagram 


Metal Can Package 
NC 



TL/K/5557-3 


Order Number LH0042H-MIL, LH0042H or LH0042CH 
See NS Package Number H08D 


1 

j 

( 


j 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage ± 22 V 

Power Dissipation (see Graph) 500 mW 

Input Voltage (Note 1 ) ± 1 5V 

Differential Input Voltage (Note 2) ± 30V 

Voltage Between Offset Null and V - ± 0.5V 


Short Circuit Duration 
Operating Temperature Range 
LH0022, LH0042, LH0052 
LH0022C, LH0042C, LH0052C 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 


Continuous 

— 55°C to + 1 25°C 
— 25°C to +85°C 
— 65°C to +150°C 
300°C 


DC Electrical Characteristics for LH0022/LH0022C (Note 3> t a = Tj(Max) 




Limits 


Parameter 

Conditions 

LH0022 

LH0022C 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


Input Offset Voltage 

R s <; 100 kft,T A = 25°C 

V s = ± 15V 


2.0 

4.0 


3.5 

6.0 

mV 


R s ^ 100 kn, Vs = ± 15V 



5.0 



7.0 

mV 

Temperature Coefficient of 

Input Offset Voltage 

R s ^ 100 kft 


10 






Offset Voltage Drift with Time 



3 



4 


juV/week 

Input Offset Current 

T a = 25°C (Note 4) 


0.2 

2.0 




pA 





2.0 




nA 

Temperature Coefficient of 

Input Offset Current 


Doubles Every 10°C 

Doubles Every 1 0°C 


Offset Current Drift with Time 



0.1 



0.1 


pA/week 

Input Bias Current 

T a = 25°C (Note 4) 


5 



10 

25 

pA 









nA 

Temperature Coefficient of 

Input Bias Current 


Doubles Every 10°C 

Doubles Every 1 0°C 


Differential Input Resistance 



1012 



1012 


ft 

Common Mode Input Resistance 



1012 



1012 


ft 

Input Capacitance 



4.0 



4.0 


pF 

Input Voltage Range 

> 

10 

+1 

11 

$ 

±12 

±13.5 


±12 

±13.5 


V 

Common Mode Rejection Ratio 

R s ^ 10 kft, V| N = ± 10V 

74 

90 


70 

90 


dB 

Supply Voltage Rejection Ratio 

R§ ^ 10 kft, ±5V^ V s ^ ± 15V 

74 

90 





dB 

Large Signal Voltage Gain 

R l = 2kft, V 0 ut = ±iov 

T a = 25°C, V s = ±15V 

75 

100 





V/mV 


R|_ = 2 kft, VouT = — 1 0V 
V S =±15V 

30 



30 

■ 


V/mV 

Output Voltage Swing 

R l = 1 kft, T a = 25°C 
V S =±15V 

±10 

±12.5 


±10 

±12 


V 


R l = 2kft, V s = ±15V 

±10 



±10 



V 

Output Current Swing 

V 0 UT= ± 10V, T a = 25°C 

±10 

±15 


±10 

±15 


mA 

Output Resistance 



75 



75 


ft 

Output Short Circuit Current 



25 



25 


mA 

Supply Current 

V s = ± 15V 


2.0 

2.5 


2.4 

2.8 

mA 

Power Consumption 

V s = +15V 



75 



85 

mW 
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DC Electrical Characteristics for lhoo42/lhoo42c (Note 3) 


Parameter 

Conditions 

Limits 

Units 

LH0042 

LH0042C 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

R s ^ 100 kn 


5.0 

20 


6.0 

20 

mV 

Temperature Coefficient of 

Input Offset Voltage 

R s ^ 100 kn 


10 



15 


fxV/°C 

Offset Voltage Drift with Time 



7.0 



10 


jtiV/week 

Input Offset Current 

T a = 25°C (Note 4) 


1.0 

5.0 


2.0 

10 

pA 

Input Bias Current 

T a = 25°C (Note 4) 


10 

25 


15 

50 

pA 

Temperature Coefficient of 

Input Bias Current 


Doubles Every 1 0°C 

Doubles Every 1 0°C 


Differential Input Resistance 



1012 



1012 


n 

Common Mode Input Resistance 



1012 



1012 


n 

Input Capacitance 



4.0 



4.0 


PF 

Input Voltage Range 


±12 

±13.5 


±12 

±13.5 


V 

Common Mode Rejection Ratio 

R s ^ 10 kn, V| N = ± 10V 

70 

86 


70 

80 


dB 

Supply Voltage Rejection Ratio 

R s ^ 10 kn, ±5V ^ V s <; ± 15V 

70 

86 


70 

86 


dB 

Large Signal Voltage Gain 

r s <; 2kn, Vqut = ±iov, 

T a = 25°C 

50 

100 


25 

100 


V/mV 

R s ^ 2kn, Vqut = ±iov 

30 



25 



V/mV 

Output Voltage Swing 

R l = 1 kn, T a = 25°C 

±10 

±12.5 


±10 

±12 


V 

R l = 2 kn 

±10 



±10 



V 

Output Current Swing 

V 0 U T= ±10V 

±10 

±15 


±10 

±15 


mA 

Output Resistance 



75 



75 


n 

Output Short Circuit Current 



20 



20 


mA 

Supply Current 

V s = ± 15V 


2.5 

3.5 


2.8 

4.0 

mA 

Power Consumption 

V s = ±15V 



105 



120 

mW 

— 
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DC Electrical Characteristics for lhoos2/lhoo52c (Note 3) (Continued) 


Parameter 

Conditions 

Limits 

Units 

LH0052 

LH0052C 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Bias Current 

T a = 25°C (Note 4) 


0.5 

2.5 


1.0 

5.0 

pA 



2.5 



0.5 

nA 

Temperature Coefficient of 

Input Bias Current 


Doubles Every 1 0°C 

Doubles Every 1 0°C 


Differential Input Resistance 



1012 



1012 


a 

Common Mode Input Resistance 



1012 



1012 


a 

Input Capacitance 



4.0 



4.0 


pF 

Input Voltage Range 

V s = ± 15V 

±12 

±13.5 


±12 

±13.5 


V 

Common Mode Rejection Ratio 

R s ^ 10 ka V| N = ±10V 

74 

90 


70 

90 


dB 

Supply Voltage Rejection Ratio 

R s ^ 10 k a, ±5V <; V s ^ ±15V 

74 

90 


70 

90 


dB 

Large Signal Voltage Gain 

R l = 2ka, Vqut = ± 10 V 

Vs = ±15V, T a = 25°C 

75 

100 


75 

100 


V/mV 

R l = 2kn,V 0 UT= ±iov 

V s = ± 15V 

30 



30 



V/mV 

Output Voltage Swing 

R l = 1 k a T a = 25°C 

V s = ± 15V 

±10 

±12.5 


±10 

±12 


V 

R l = 2kaV s = ±15V 

±10 



±10 



V 

Output Current Swing 

V 0 UT ~ ±10V, T a = 25°C 

±10 

±15 


±10 

±15 


mA 

Output Resistance 



75 



75 


a 

Output Short Circuit Current 


' 

25 



25 


mA 

Supply Current 

V S = ± 15V 


3.0 

3.5 


3.0 

3.8 

mA 

Power Consumption 

V S = ± 15V 



105 



114 

mW 


AC Electrical Characteristics tor an amplifiers <t a = 25 °c, v s = ±i5v) 




Limits 


Parameter 

Conditions 

LH0022/42/52 

LH0022C/42C/52C 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


Slew Rate 

Voltage Follower 

1.5 

3.0 


1.0 

3.0 


V//xs 

Large Signal Bandwidth 

Voltage Follower 


40 



40 


kHz 

Small Signal Bandwidth 



1.0 



1.0 


MHz 

Rise Time 



0.3 

f 


0.3 

1.5 

JUS 

Overshoot 



10 



15 

40 

% 

Settling Time (0.1 %) 

> 

< 

z 

II 

o 

< 


4.5 



4.5 


jus 

Overload Recovery 



4.0 



4.0 


JLLS 
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AC Electrical Characteristics for all amplifiers (Ta = 25°C,V S = ±15V) (Continued) 




Limits 


Parameter 

Conditions 

LH0042 

LH0042C 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


Input Noise Voltage 

R s = 10ka,f o = 10 Hz 


150 



150 


nM/V Hz 


R s = 10kn,f o = 100 Hz 


55 



55 


nV/l/Hz 


R s = 10kn,f o = 1 kHz 


35 



35 


nV/l/Hz 


R s = 10kaf o = 10 kHz 


30 



30 


nV/l/Hz 


BW = 10 Hz to 10kHz, R s - 10 kn 


12 



12 


jLtVrms 


Note 1: For supply voltages less than ± 15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 2: Rating applies for minimum source resistance of 10 kft, for source resistances less than 10 kfi, maximum differential input voltage is ±5V. 

Note 3: Unless otherwise specified, these specifications apply for ±5V ^ Vs ^ ±20V and -55°C ^ Ta ^ + 1 25°C for the LH0042 and -25°C ^ Ta ^ +85°C 
for the LH0042C. Typical values are given for Ta = 25°C. 

Note 4: Input currents are a strong function of temperature. Due to high speed testing they are specified at a junction temperature Tj = 25°C. Self heating will 
cause an increase in current in manual tests. 25°C spec is guaranteed by testing at 125°C. 

Note 5: See RETS0042X for the LH0042H military specifications. 


Auxiliary Circuits (Shown forTo-99 P in out) 



Boosting Output Drive to ±100 mA 



TL/K/5557-7 
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Typical Applications 


Precision Voltage Comparator 



Subtractor for Automatic Test Gear 


I 1 



99K 



®0UT 


TL/K/5557-1 1 


TL/K/5777-12 
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Typical Performance Characteristics 

Input Offset Current 

Maximum Power Dissipation vs Temperature 

soo i — i — i — i — i — i — i — i — i 1,000 i 1 1 1 r 


Input Bias Current vs 
Temperature 


NO HEAT SINK 

1 1 1 

~ 150*C/W 


50 100 150 

TEMPERATURE ( C) 

Input Offset Voltage 
vs Temperature 





£ 100 -IH0042- 

1 ,2i 


25 45 65 85 105 125 

T - TEMPERATURE (°C) 


Offset Error 
(without V 0 s Null) 


25 45 65 85 105 125 

T - TEMPERATURE (°C) 

Total Input Noise Voltage* 
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RELATIVE VALUE OUTPUT VOLTAGE (V) PEAK TO PEAK OUTPUT SWING (V) SUPPLY CURRENT (mA) 


CM 


Typical Performance Characteristics (Continued) 


Supply Voltage vs 
Supply Current 
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Na t ion a l 


Semiconductor 


LH0101 Power Operational Amplifier 


General Description 

The LH0101 is a wideband power operational amplifier fea- 
turing FET inputs, internal compensation, virtually no cross- 
over distortion, and rapid settling time. These features make 
the LH0101 an ideal choice for DC or AC servo amplifiers, 
deflection yoke drives, programmable power supplies, and 
disk head positioner amplifiers. The LH0101 is packaged in 
an 8 pin TO-3 hermetic package, rated at 60 watts with a 
suitable heat sink. 


Features 

■ 5 Amp peak, 2 Amp continuous output current 

■ 300 kHz power bandwidth 

■ 850 mW standby power ( ± 1 5V supplies) 

■ 300 pA input bias current 

■ 10 V/jlls slew rate 

■ Virtually no crossover distortion 

■ 2 jas settling time to 0.01 % 

■ 5 MHz gain bandwidth 


Schematic and Connection Diagrams 




TL/K/5558-2 

Top View 


Order Numbers LH0101K, 
LH0101K-MIL, LH0101CK, 
LH0101AK, 

LH0101 AK-MIL or LH0101ACK 
See NS Package Number K08A 

Note: Electrically connected internally, no 
connection should be made to pin. 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 5) 

Supply Voltage, Vs ± 22V 

Power Dissipation at T A = 25°C, Pq 5W 

Derate linearly at 25°C/W to zero at 1 50°C, 

Power Dissipation at Tc = 25°C 62W 

Derate linearly at 2°C/W to zero at 150°C 
Differential Input Voltage, V|n ±40Vbut<±Vs 

Input Voltage Range, V C m ± 20V but < ± V s 

Thermal Resistance — 

See Typical Performance Characteristics 


Peak Output Current (50 ms pulse), lo(PK) 


5A 


Output Short Circuit Duration 
(within rated power dissipation, 

R S c = 0.35a, T a = 25°C) 

Operating Temperature Range, T A 
LH0101AC, LH0101C 
LH0101A, LH0101 
Storage Temperature Range, Tstg 
M aximum Junction Temperature, Tj 
Lead Temperature (Soldering <10 sec.) 


Continuous 

— 25°C to + 85°C 
— 55°C to + 1 25°C 
— 65°Cto 4- 1 50°C 
150°C 
260°C 


ESD rating to be determined. 


DC Electrical Characteristics (Note 1) Vg = ± 1 5V, T A = 25°C unless otherwise noted 


Symbol 

Parameter 

Conditions 


LH0101AC 

LH0101A 

LH0101C 

LH0101 

Units 






Min 

Typ 

Max 

Min 

Typ 

Max 


Vos 

Input Offset Voltage 



1 

3 


5 

10 

mV 



TmIN ^ T A < Tmax 



7 



15 

Q 

0. 

<1 

o 

> 

<1 

Change in 

Input Offset Voltage 
with Dissipated Power 

(Note 2) 


150 



300 


jaV/W 

AV 0S /AT 

Change in 

Input Offset Voltage 
with Temperature 

VcM = 0 


10 



10 


jaV/°C 

>b 

Input Bias Current 






300 



1000 

pA 




Ta ^ Tmax 

LH0101C/AC 



60 



60 

nA 




LH0101/A 



300 



1000 

los 

Input Offset Current 






75 



250 

pA 




Ta ^ t M ax 

LH0101C/AC 



15 



15 

nA 




LH0101/A 



75 



250 

AvOL 

Large Signal 

Voltage Gain 

v 0 = ±iovr l = ion 

50 

200 


50 

200 


V/mV 

Vo 

Output Voltage Swing 

Rsc = 0 

r l = iooa 

±12 

±12.5 


±12 

±12.5 





A v = +1 

r l = ion 

±11.25 

±11.6 


±11.25 

±11.6 


V 



Note 3 

Ri_ = 5a 

±10.5 

±11 


±10.5 

±11 



CMRR 

Common Mode 
Rejection Ratio 

AV|n=±10V 

85 

100 


85 

100 


dB 

PSRR 

Power Supply 
Rejection Ratio 

AV S = ±5V to ± 15V 

85 

100 


85 

100 


•s 

Quiescent Supply 
Current 



28 

35 


28 

35 

mA 
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AC E 


ectrical Characteristics (Note d, v s = ±i5v,t a = 25-c 


Symbol 

Parameter 

Conditions 

LH0101 

LH0101A 

LH0101C 

LH0101AC 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

e n 

Equivalent Input 

Noise Voltage 

f = 1 kHz 


25 



25 


nVVHz 

C IN 

Input Capacitance 

f = 1 MHz 


3.0 



3.0 


PF 


Power Bandwidth, -3 dB 

r l = ion 

+ 

II 

< 


300 



300 


kHz 

SR 

Slew Rate 

7.5 

(Note 4) 

10 



10 


V/jus 

*r> tf 

Small Signal Rise or 

Fall Time 


200 



200 


ns 


Small Signal Overshoot 


10 



10 


% 

GBW 

Gain-Bandwidth Product 

R|_ = GO 

4.0 

(Note 4) 

5.0 



5.0 


MHz 

ts 

Large Signal Settling 

Time to 0.01 % 


2.0 



2.0 


JUS 

THD 

Total Harmonic Distortion 

P 0 = 10W,f = 1 kHz 

r l = ion 


0.008 



0.008 


% 


Note 1: Specification is at Ta = 25°C. Actual values at operating temperature may differ from the Ta = 25°C value. When supply voltages are ±15V, quiescent 
operating junction temperature will rise approximately 20°C without heat sinking. Accordingly, Vqs may change 0.5 mV and Iq and los wil1 change significantly 
during warm-ups. Refer to the Ib vs. temperature and power dissipation graphs for expected values. Power supply voltage is +15V. Temperature tests are made 
only at extremes. 

Note 2: Change in offset voltage with dissipated power is due entirely to average device temperature rise and not to differential thermal feedback effects. Test is 
performed without any heat sink. 

Note 3: At light loads, the output swing may be limited by the second stage rather than the output stage. See the application section under “Output swing 
enhancement” for hints on how to obtain extended operation. 

Note 4: These parameters are sample tested to 1 0% LTPD. 

Note 5: Refer to RETS0101AK for the LH0101AK military specifications and RETS0101K for the LH0101K military specifications. 
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Typical Performance Characteristics 


Maximum Power Dissipation 



g Safe Operating Area 
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Power Supply Rejection 
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Quiescent Power Supply 



±5 ±10 ±15 ±20 ±25 
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Common-Mode Rejection 



10 100 IK 10K 100K 1M 10M 

FREQUENCY (Hz) 


£ 

e 


Total Harmonic 
Distortion vs. Frequency 

1 r -TTrmm—i i t ttiii i ~ i i m i n i i hi 


QS| 


IIIIIBI 

mu 


mu 


III 

mu 


linn 

k 

13 



ES 

HE 


ini u, 





■■ 

mil 




1 



mat 



iiui 





niii 

iiiii 


Ir'llll 







Mi 





m 

mil 


m 





irmMii 


m\ 


II 



liP»r; 

m 

mi 


10 100 IK 10K 100K 

FREQUENCY (Hz) 

TL/K/5558-3 


1-156 



Typical Performance Characteristics (Continued) 


Total Harmonic 



1 10 100 1000 


GAIN (V/V) 



Output Voltage Swing 



±5 ±10 ±15 ±20 ±25 

Vs, POWER SUPPLY VOLTAGE (V) 


Output Voltage Swing vs. 
Load Resistance 
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TL/K/5558-4 
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Application Hints 

Input Voltages 

The LH0101 operational amplifier contains JFET input de- 
vices which exhibit high reverse breakdown voltages from 
gate to source or drain. This eliminates the need for input 
clamp diodes, so that high differential input voltages may be 
applied without a large increase in input current. However, 
neither input voltage should be allowed to exceed the nega- 
tive supply as the resultant high current flow may destroy 
the unit. 

Exceeding the negative common-mode limit on either input 
will cause a reversal of the phase to the output and force 
the amplifier output to the corresponding high or low state. 
Exceeding the negative common-mode limit on both inputs 
will force the amplifier output to a high state. In neither case 
does a latch occur since raising the input back within the 
common-mode range again puts the input stage and thus 
the amplifier in a normal operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

These amplifiers will operate with the common-mode input 
voltage equal to the positive supply. In fact, the common- 
mode voltage may exceed the positive supply by approxi- 
mately 1 00 mV, independent of supply voltage and over the 
full operating temperature range. The positive supply may 
therefore be used as a reference on an input as, for exam- 
ple, in a supply current monitor and/or limiter. 

With the LH0101 there is a temptation to remove the bias 
current compensation resistor normally used on the non-in- 
verting input of a summing amplifier. Direct connection of 
the inputs to ground or a low-impedance voltage source is 
not recommended with supply voltages greater than 3V. 
The potential problem involves loss of one supply which can 
cause excessive current in the second supply. Destruction 
of the 1C could result if the current to the inputs of the de- 
vice is not limited to less than 1 00 mA or if there is much 
more than 1 ju,F bypass on the supply buss. 

Although difficulties can be largely avoided by installing 
clamp diodes across the supply lines on every PC board, a 
conservative design would include enough resistance in the 
input lead to limit current to 10 mA if the input lead is pulled 
to either supply by internal currents. This precaution is by no 
means limited to the LH01 01. 

Layout Considerations 

When working with circuitry capable of resolving pico-am- 
pere level signals, leakage currents in circuitry external to 
the op amp can significantly degrade performance. High 
quality insulation is a must (Kel-F and Teflon rate high). 
Proper cleaning of all insulating surfaces to remove fluxes 
and other residues is also required. This includes the 1C 
package as well as sockets and printed circuit boards. 
When operating in high humidity environments or near 0°C, 
some form of surface coating may be necessary to provide 
a moisture barrier. 

The effects of board leakage can be minimized by encircling 
the input circuitry with a conductive guard ring operated at a 
potential close to that of the inputs. 


Electrostatic shielding of high impedance circuitry is advisa- 
ble. 

Error voltages can also be generated in the external circuit- 
ry. Thermocouples formed between dissimilar metals can 
cause hundreds of microvolts of error in the presence of 
temperature gradients. 

Since the LH0101 can deliver large output currents, careful 
attention should be paid to power supply, power supply by- 
passing and load currents. Incorrect grounding of signal in- 
puts and load can cause significant errors. 

Every attempt should be made to achieve a single point 
ground system as shown in the figure below. 



Bypass capacitor Cbx should be used if the lead lengths of 
bypass capacitors Cb are long. If a single point ground sys- 
tem is not possible, keep signal, load, and power supply 
from intermingling as much as possible. For further informa- 
tion on proper grounding techniques refer to “Grounding 
and Shielding Techniques in Instrumentation” by Morrison, 
and “Noise Reduction Techniques in Electronic Systems” 
by Ott (both published by John Wiley and Sons). 

Leads or PC board traces to the supply pins, short-circuit 
current limit pins, and the output pin must be substantial 
enough to handle the high currents that the LH0101 is capa- 
ble of producing. 


Short Circuit Current Limiting 


Should current limiting of the output not be necessary, SC+ 
should be shorted to V+ and SC- should be shorted to 
V-. Remember that the short circuit current limit is depen- 
dent upon the total resistance seen between the supply and 
current limit pins. This total resistance includes the desired 
resistor plus leads, PC Board traces, and solder joints.* As- 
suming a zero TCR current limit resistor, typical temperature 
coefficient of the short circuit current will be approximately 
.3%/°C. 


*Short circuit current will be limited to approximately 


RSC 
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Application Hints (Continued) 


Thermal Resistance 

The thermal resistance between two points of a conductive 
system is expressed as: 

#12 = — ^°C/W 

where subscript order indicates the direction of heat flow. A 
simplified heat transfer circuit for a cased semiconductor 
and heat sink system is shown in the figure below. 

The circuit is valid only if the system is in thermal equilibrium 
(constant heat flow) and there are, indeed, single specific 
temperatures Tj, Tq and Ts (no temperature distribution in 
junction, case, or heat sink). Nevertheless, this is a reason- 
able approximation of actual performance. 


HEAT INPUT 


JUNCTION TEMP., Tj 


^CASE TEMP., Tc 
►0CS 

i HEAT SINK TEMP., Ts 
Tj>Tc>Ts>Ta< 0 $A 

i AMBIENT TEMP. Ta 


ground set the frequency of the pole. In many instances the 
frequency of this pole is much greater than the expected 3 
dB frequency of the closed loop gain and consequently 
there is negligible effect on stability margin. However, if the 
feedback pole is less than approximately six times the ex- 
pected 3 dB frequency a lead capacitor should be placed 
from the output to the input of the op amp. The value of the 
added capacitor should be such that the RC time consistant 
of this capacitor and the resistance it parallels is greater 
than or equal to the original feedback pole time constant. 
Some inductive loads may cause output stage oscillation. A 
.01 jllF ceramic capacitor in series with a 10ft resistor from 
the output to ground will usually remedy this situation. 



TL/K/5558-8 

FIGURE 2. Semiconductor-Heat Sink Thermal Circuit 

The junction-to-case thermal resistance 0jc specified in the 
data sheet depends upon the material and size of the pack- 
age, die size and thickness, and quality of the die bond to 
the case or lead frame. The case-to-heat sink thermal re- 
sistance 0cs depends on the mounting of the device to the 
heat sink and upon the area and quality of the contact sur- 
face. Typical Oqs for a TO-3 package is 0.5 to 0.7°C/W, and 
0.3 to 0.5°C/W using silicone grease. 

The heat sink to ambient thermal resistance 0 sa depends 
on the quality of the heat sink and the ambient conditions. 
Cooling is normally required to maintain the worst case op- 
erating junction temperature Tj of the device below the 
specified maximum value Tj(max)- Tj can be calculated 
from known operating conditions. Rewriting the above equa- 
tion, we find: 

#ja = T ^— - T ^ C/W 
HD 

Tj = T a + Pd0JA°C 

Where: P D (V s - V OU t)Iout + |V+ - (V-)|l Q 
for a DC Signal 

0ja = 0JC + 0CS + 0SA and V s = Supply Voltage 
0jC for the LH0101 is about 2°C/W. 

Stability and Compensation 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pickup” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input device (usually the inverting input) to ac 


TL/K/5558-9 

FIGURE 3. Driving Inductive Loads 

Capacitive loads may be compensated for by traditional 
techniques. (See “Operational Amplifiers: Theory and Prac- 
tice” by Roberge, published by Wiley): 



Compensate for Capacitive Load 

A similar but alternative technique may be used for the 
LH0101: 


v+ 



FIGURE 5. Alternate Compensation for Capacitive Load 
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Application Hints (Continued) 

Output Swing Enhancement 

When the feedback pin is connected directly to the output, 
the output voltage swing is limited by the driver stage and 
not by output saturation. Output swing can be increased as 
shown by taking gain in the output stage as shown in High 
Power Voltage Follower with Swing Enhancement below. 
Whenever gain is taken in the output stage, as in swing 
enhancement, either the output stage, or the entire op amp 
must be appropriately compensated to account for the addi- 
tional loop gain. 


Output Resistance 

The open loop output resistance of the LH0101 is a function 
of the load current. No load output resistance is approxi- 
mately 1 0H. This decreases to under 1 Ct for load currents 
exceeding 100 mA. 


Typical Applications 

See AN261 for more information. 

+15 



TL/K/5558-12 

FIGURE 6. High Power Voltage Follower 



TL/K/5558-13 

FIGURE 7. High Power Voltage Follower 
with Swing Enhancement 



VOUT 


TL/K/ 5558-1 4 


FIGURE 8. Restricting Outputs to Positive Voltages Only 


Following is a partial list of sockets and heat dissipators for use with the LH0101. National assumes no responsibility for their 
quality or availability. 

8-Lead TO-3 Hardware 


SOCKETS 

Keystone 4626 or 4627 
Robinson Nugent 000201 1 
Azimuth 6028 (test socket) 

HEAT SINKS 

Thermalloy 2266B (35°C/W) 
IERC LAIC3B4CB 
IERC HP1-T03-33CB (7°C/W) 
AAVID 5791 B 

MICA WASHERS 

Keystone 4658 


AAVID Engineering 
30 Cook Court 

Laconia, New Hampshire 03246 
Azimuth Electronics 
2377 S. El Camino Real 
San Clemente, CA 92572 
IERC 

135 W. Magnolia Blvd. 

Burbank, CA 91502 


Keystone Electronics Corp. 
49 Bleecker St. 

New York, NY 10012 
Robinson Nugent Inc. 

800 E. 8th St. 

New Albany, IN 47150 
Thermalloy 
P.O. Box 34829 
Dallas, TX 75234 
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Typical Applications (Continued) 



TL/K/5558-15 

FIGURE 9. Generating a Split Supply from a Single Voltage Supply 




TL/K/5558-17 

FIGURE 1 1. Bridge Audio Amplifier 
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Typical Applications (Continued) 



TL/K/5558-21 

FIGURE 15. DC Servo Amplifier 



TL/K/5558-22 

FIGURE 16. High Current Source/Sink 
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LM10 Operational Amplifier and Voltage Reference 


General Description 

The LM10 series are monolithic linear ICs consisting of a 
precision reference, an adjustable reference buffer and an 
independent, high quality op amp. 

The unit can operate from a total supply voltage as low as 
1.1 V or as high as 40V, drawing only 270/xA. A complemen- 
tary output stage swings within 1 5 mV of the supply termi- 
nals or will deliver ±20 mA output current with ±0.4V satu- 
ration. Reference output can be as low as 200 mV. Some 
other characteristics of the LM10 are 


■ input offset voltage 

■ input offset current 

■ input bias current 

■ reference regulation 

■ offset voltage drift 

■ reference drift 


2.0 mV (max) 
0.7 nA (max) 
20 nA (max) 
0.1% (max) 
2juV/°C 
0.002%/°C 


The circuit is recommended for portable equipment and is 
completely specified for operation from a single power cell. 
In contrast, high output-drive capability, both voltage and 
current, along with thermal overload protection, suggest it in 
demanding general-purpose applications. 

The device is capable of operating in a floating mode, inde- 
pendent of fixed supplies. It can function as a remote com- 
parator, signal conditioner, SCR controller or transmitter for 
analog signals, delivering the processed signal on the same 
line used to supply power. It is also suited for operation in a 
wide range of voltage- and current-regulator applications, 
from low voltages to several hundred volts, providing great- 
er precision than existing ICs. 

This series is available in the three standard temperature 
ranges, with the commercial part having relaxed limits. In 
addition, a low-voltage specification (suffix “L”) is available 
in the limited temperature ranges at a cost savings. 


Connection and Functional Diagrams 


Metal Can Package (H) 

REFERENCE 

FEEDBACK 



TL/H/5652-1 


Order Number LM10BH, LM10CH, 
LM10CLH or LM10H/883 
available per SMA# 5962-8760401 
See NS Package Number H08A 


Small Outline Package (WM) 



TL/H/5652-1 7 

Order Number LM10CWM 
See NS Package Number M14B 


Dual-ln-Line Package (N) 



TOP VIEW 

TL/H/5652-1 5 

Order Number LM10CN or LM10CLN 
See NS Package Number N08E 


BALANCE OUTPUT FEEDBACK 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 7) 

LM10/LM10B/ LM10BL/ 
LM10C LM10CL 

Total Supply Voltage 45V 7V 

Differential Input Voltage (note 1 ) ± 40V ± 7V 

Power Dissipation (note 2) internally limited 

Output Short-circuit Duration (note 3) continuous 

Storage-T emp. Range - 55°C to + 1 50°C 

Lead Temp. (Soldering, 10 seconds) 

Metal Can 300°C 

Lead Temp. (Soldering, 1 0 seconds) DIP 260°C 
Vapor Phase (60 seconds) 2 1 5°C 

Infrared (1 5 seconds) 220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

ESD rating is to be determined. 

Maximum Junction Temperature 
LM10 
LM10B 
LM10C 

Operating Ratings 

Package Thermal Resistance 
0JA 

H Package 
N Package 
WM Package 

0JC 

H Package 


150°C 

100°C 

85°C 


1 50°C/W 
87°C/W 
90°C/W 

45°C/W 


Electrical Characteristics 

Tj = 25°C, Tmin^Tj^Tmax ( note 4 ) (Boldface type refers to limits over temperature range) 


Parameter 

Conditions 

LM10/LM10B 

LM10C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input offset voltage 



0.3 

2.0 


0.5 

4.0 

mV 





3.0 



5.0 

mV 

Input offset current 



0.25 

0.7 


0.4 

2.0 

nA 

(note 5) 




1.5 



3.0 

nA 

Input bias current 



10 

20 


12 

30 

nA 





30 



40 

nA 

Input resistance 


250 

500 


150 

400 


kn 



150 



115 



kn 

Large signal voltage 

Vs= ±20V, l()UT = 0 

120 

400 


80 

400 


V/mV 

gain 

VoUT=±19-95V 

80 



50 



V/mV 


V s =+20V,V O ut=± 19.4 V 

50 

130 


25 

130 


V/m V 


I 0U t= ±20 mA (±15 m A) 

20 



15 



V/mV 


V s = ±0.6V (0.65V), I 0 ut~ ±2 mA 

1.5 

3.0 


1.0 

3.0 


V/mV 


Vqut = ± 0.4V ( ± 0.3 V), V C M = ~ 0.4 V 

0.5 



0.75 



V/mV 

Shunt gain (note 6) 

1.2V(1.3V)^V OU T^40V, 

R l = 1.1 kn 

14 

33 


10 

33 


V/mV 


0.1 mA^louT^S mA 

6 



6 



V/mV 


1.5V^V+^40V, R L = 250a 

8 

25 


6 

25 


V/mV 


0.1 mA^louT^20 mA 

4 



4 



V/mV 

Common-mode 

-20V^V C m^19.15V(19V) 

93 

102 


90 

102 


dB 

rejection 

V S =±20V 

87 



87 



dB 

Supply-voltage 

-0.2V^V~^-39V 

90 

96 


87 

96 


dB 

rejection 

V+ = 1.0V(1.1V) 

84 



84 



dB 


1.0V (1.1V)^V + ^ 39.8V 

96 

106 


93 

106 


dB 


V - = —0.2V 

90 



90 



dB 

Offset voltage drift 



2.0 



5.0 


JLlV/°C 

Offset current drift 






5.0 


pA/°C 

Bias current drift 

T c <100°C 





90 


pA/°C 

Line regulation 

1.2 V ( 1.3 V)^V S ^ 40 V 


0.001 

0.003 


ilsldl 

0.008 

%/V 


0<Mref^ 1-0 mA, Vref = 200 mV 



0.006 




O.OI 

%/V 

Load regulation 

O^Iref^I - 0 mA 




■■■ 



% 


V+-V RE f^1-0V(1.1V) 







% 
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LM10 


Electrical Characteristics 

Tj = 25°C, Tmin^Tj^Tmax, (note 4) (Boldface type refers to limits over temperature range) (Continued) 


Parameter 

Conditions 

LM10/LM10B 

LM10C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Amplifier gain 

0.2V^V ref ^35V 

50 

75 


25 

70 


V/mV 



23 



15 



V/mV 

Feedback sense 


195 

200 

205 

190 




voltage 


194 


206 

189 




Feedback current 



20 

50 



75 






65 



90 


Reference drift 



BESS 





%/°c 

Supply current 




400 



500 

jaA 




■MB 

500 



570 

jaA 

Supply current change 

1 .2V ( 1 .3 V) ^ V s ^ 40V 


15 

75 


15 

75 

jllA 


Parameter 

Conditions 

LM10BL 

LM10CL 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input offset voltage 



0.3 

2.0 



■9 

mV 





3.0 

■■ 


| 

mV 

Input offset current 



0.1 

0.7 




nA 

(note 5) 




1.5 




nA 

Input bias current 



10 

20 


12 

30 

nA 





30 



40 

nA 

Input resistance 


250 

500 


150 

400 


kft 



150 



115 



kn 

Large signal voltage 

V S =± 3.25V, l O UT = 0 

60 

300 


40 

300 


V/mV 

gain 

V 0U T= ±3.2V 

40 



25 



V/mV 


V s =± 3.25V, l O UT=10mA 

10 

25 


5 

25 


V/mV 


VoUT=± 2.75 V 

4 



3 



V/mV 


V s = ±0.6V (0.65 V), l 0 UT= ±2 mA 

1.5 

3.0 


1.0 

3.0 


V/mV 


V 0U T= ± 0.4V (± 0.3 V), V CM = -0.4V 

0.5 



0.75 



V/mV 

Shunt gain (note 6) 

1.5V<;V+<£6.5V, R L =500n 

8 

30 


6 

30 


V/mV 


0.1 mA^louT^IO mA 

4 



4 



V/mV 

Common-mode 

- 3.25 V ^ V C m ^ 2.4 V (2.2 5 V) 

89 

102 


80 

102 


dB 

rejection 

V s =± 3.25V 

83 



74 



dB 

Supply-voltage 

-0.2V:>V-^-5.4V 

86 

96 


80 

96 


dB 

rejection 

V+ = 1.0V (1.2V) 

80 



74 



dB 


1.0V(1,1V)^V+<:6.3V 

94 

106 


80 

106 


dB 


V~ = 0.2V 

88 



74 



dB 

Offset voltage drift 








jLlV/°C 

Offset current drift 








pA/°C 

Bias current drift 



60 



90 


pA/°C 

Line regulation 

1 .2V ( 1 .3 V) ^ Vs ^ 6.5V 


0.001 

0.01 


0.001 

0.02 

%/V 


O^Iref^O- 5 mA, Vr E p = 200 mV 



0.02 



0.03 

%/V 

Load regulation 

0^Iref^ 0,5 mA 


0.01 

0.1 


0.01 

0.15 

% . 


V+-V RE F^10V(1.1V) 



0.15 



0.2 

% 

Amplifier gain 

0.2 V ^Vref^ 5.5 V 

30 

70 


20 

70 


V/mV 



20 



15 



V/mV 


1-166 



























Electrical Characteristics 

Tj = 25°C, Tmin^ t J sT max» (note 4) (Boldface type refers to limits over temperature range) (Continued) 


Parameter 

Conditions 

LM10BL 

LM10CL 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Feedback sense 


195 

200 

205 

190 

200 

210 

mV 

voltage 


194 


206 

189 


211 

mV 

Feedback current 



20 

50 


22 

75 

nA 





65 



90 

nA 

Reference drift 



0.002 



0.003 


%/°C 

Supply current 



260 

400 


280 

500 

juA 





500 



570 

jutA 


Note 1: The Input voltage can exceed the supply voltages provided that the voltage from the input to any other terminal does not exceed the maximum differential 
input voltage and excess dissipation is accounted for when V|n<V - . 


Note 2: The maximum, operating-junction temperature is 150°C for the LM10, 100°C for the LMIOB(L) and 85°C for the LMIOC(L). At elevated temperatures, 
devices must be derated based on package thermal resistance. 

Note 3: Internal thermal limiting prevents excessive heating that could result in sudden failure, but the 1C can be subjected to accelerated stress with a shorted 
output and worst-case conditions. 

Note 4: These specifications apply for V - £Vcm^V+ -0.85V (1.0V), 1.2V (1.3V) CVs^V^ax- Vref = 0.2V and CKIref^1-0 mA, unless otherwise specified: 
Vmax =4 0V for the standard part and 6.5V for the low voltage part. Normal typeface indicates 25°C limits. Boldface type Indicates limits and altered test 
conditions for full-temperature-range operation; this is -55°C to 125°C for the LM10, -25°C to 85°C for the LMIOB(L) and 0°C to 70°C for the LM10C(L). The 
specifications do not include the effects of thermal gradients (r-i = 20 ms), die heating (r 2 35 0.2s) or package heating. Gradient effects are small and tend to offset 
the electrical error (see curves). 

Note 5: ForTj>90°C, l 0 s may exceed 1.5 nA for V C m = V-. With Tj = 125°C and V-<JV C m^V-+ 0.1V, l 0 s^5 nA. 

Note 6: This defines operation in floating applications such as the bootstrapped regulator or two-wire transmitter. Output is connected to the V+ terminal of the 1C 
and input common mode is referred to V - (see typical applications). Effect of larger output-voltage swings with higher load resistance can be accounted for by 
adding the positive-supply rejection error. 

Note 7: Refer to RETS10X for LM10H military specifications. 


Definition of Terms 

Input offset voltage: That voltage which must be applied 
between the input terminals to bias the unloaded output in 
the linear region. 

Input offset current: The difference in the currents at the 
input terminals when the unloaded output is in the linear 
region. 

Input bias current: The absolute value of the average of 
the two input currents. 

Input resistance: The ratio of the change in input voltage to 
the change in input current on either input with the other 
grounded. 

Large signal voltage gain: The ratio of the specified output 
voltage swing to the change in differential input voltage re- 
quired to produce it. 

Shunt gain: The ratio of the specified output voltage swing 
to the change in differential input voltage required to pro- 
duce it with the output tied to the V+ terminal of the 1C. The 
load and power source are connected between the V+ and 
V - terminals, and input common-mode is referred to the 
V - terminal. 

Common-mode rejection: The ratio of the input voltage 
range to the change in offset voltage between the ex- 
tremes. 


Supply-voltage rejection: The ratio of the specified sup- 
ply-voltage change to the change in offset voltage between 
the extremes. 

Line regulation: The average change in reference output 
voltage over the specified supply voltage range. 

Load regulation: The change in reference output voltage 
from no load to that load specified. 

Feedback sense voltage: The voltage, referred to V~, on 
the reference feedback terminal while operating in regula- 
tion. 

Reference amplifier gain: The ratio of the specified refer- 
ence output change to the change in feedback sense volt- 
age required to produce it. 

Feedback current: The absolute value of the current at the 
feedback terminal when operating in regulation. 

Supply current: The current required from the power 
source to operate the amplifier and reference with their out- 
puts unloaded and operating in the linear range. 
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TOTAL SUPPLY VOLTAGE (V) SATURATION VOLTAGE (V) INPUT NOISE (nV/Vfiz) INPUT CURRENT (nA) 






Typical Performance Characteristics (Op Amp) (Continued) 


Frequency Response 



0.1 1.0 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Output Impedance 



FREQUENCY (Hz) 


Large Signal Response 



100 Ik 10k 100k 


Comparator Response 
Time For Various 



FREQUENCY (Hz) 


TIME (ms) 


Follower Pulse 
Response 



0 0.2 0.4 0.6 0.8 1.0 


Noise Rejection 



1 10 100 Ik 10k 100k 1M 


TIME (ms) 


FREQUENCY (Hz) 


Supply Current 



i.i ■— — ■— — ■ — * " ■ * • » 

-50 -25 0 25 50 75 100 125 


TEMPERATURE (°C) 


Thermal Gradient 
Feedback 



-20 0 20 40 60 80 

TIME (ms) 


Typical Stability Range 



100 10 1 0.1 ‘ 0.01 - 0.1 -1 -10 -100 
LOAD CURRENT (mA) 


Comparator Response 
Time For Various 



TIME (ms) 


Rejection Slew Limiting 



100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Thermal Gradient 
Cross-coupling 






j r~l4 . 






" NPN 

- 

\ 





'OU 

I 

T 

1 

|_ 


\ 










0 



PNF 


Om 

A 

- 

A 

7 



•out = 


Z 






: 









R 

1 

±20 

V 










-20 0 20 40 60 80 

TIME (ms) 


TL/H/5652-3 
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TOTAL SUPPLY VOLTAGE (V) REFERENCE CHANGE {%) 





Typical Applications^ 


(Pin numbers are for devices in 8-pin packages) 


Op Amp Offset Adjustment 



Positive Regulators t 


Low Voltage 


Best Regulation 


v,n > iiv 



Cl 



tUse only electrolytic output capacitors. 

Ttcircuit descriptions available in application note AN-211. 


Zero Output 


Cl 

Q.Q1mF 
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Typical Applications^ (Pin numbers are for devices in 8-pin packages) (Continued) 


Current Regulator 


Shunt Regulator 




’Required For Capacitive Loading 


Negative Regulator 


Precision Regulator 




Laboratory Power Supply 



'Vqut^IO- 4 R3 

Circuit descriptions available in application note AN-211. 
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Typical Applications '' (Pin numbers are for devices in 8-pin packages) (Continued) 


HV Regulator 


Protected HV Regulator 




Flame Detector 



*800°C Threshold Is Established By Connecting Balance To Vrep 


Light Level Sensor 




"Provides Hysteresis 


Remote Thermocouple Amplifier 


Remote Amplifier 




4V£V O ut£20V 
200°C^Tp^700°C 
tSpan Trim 
* Level-shift Trim 
"Cold-junction Trim 


^Circuit descriptions available in application note AN-211. 






LM10 
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Typical Applications ^ (Pin numbers are for devices in 8-pin packages) (Continued) 


Isolated Voltage Sensor 


Rlt R6 



Light-level Controller 



TL/H/5652-12 


'^Circuit descriptions available in application note AN-211. 


Application Hints 

With heavy amplifier loading to V - , resistance drops in the V~ lead can adversely affect reference regulation. Lead resistance 
can approach 1 ft. Therefore, the common to the reference circuitry should be connected as close as possible to the package. 
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LM101A/LM201A/LM301A 


National Semiconductor 


LM101A/LM201A/LM301A Operational Amplifiers 


General Description 

The LM101A series are general purpose operational amplifi- 
ers which feature improved performance over industry stan- 
dards like the LM709. Advanced processing techniques 
make possible an order of magnitude reduction in input cur- 
rents, and a redesign of the biasing circuitry reduces the 
temperature drift of input current. Improved specifications 
include: 

■ Offset voltage 3 mV maximum over 
temperature (LM101A/LM201A) 

■ Input current 1 00 nA maximum over 
temperature (LM101A/LM201A) 

■ Offset current 20 nA maximum over 
temperature (LM101A/LM201A) 

■ Guaranteed drift characteristics 

■ Offsets guaranteed over entire common mode and sup- 
ply voltage ranges 

■ Slew rate of 10V/jas as a summing amplifier 

This amplifier offers many features which make its applica- 
tion nearly foolproof: overload protection on the input and 
output, no latch-up when the common mode range is ex- 


ceeded, and freedom from oscillations and compensation 
with a single 30 pF capacitor. It has advantages over inter- 
nally compensated amplifiers in that the frequency compen- 
sation can be tailored to the particular application. For ex- 
ample, in low frequency circuits it can be overcompensated 
for increased stability margin. Or the compensation can be 
optimized to give more than a factor of ten improvement in 
high frequency performance for most applications. 

In addition, the device provides better accuracy and lower 
noise in high impedance circuitry. The low input currents 
also make it particularly well suited for long interval integra- 
tors or timers, sample and hold circuits and low frequency 
waveform generators. Further, replacing circuits where 
matched transistor pairs buffer the inputs of conventional 1C 
op amps, it can give lower offset voltage and a drift at a 
lower cost. 

The LM101A is guaranteed over a temperature range of 
— 55°C to +125°C, the LM201A from -25°C to +85°C, 
and the LM301A from 0°C to +70°C. 


Connection Diagrams (Top View) 


DuaMn-Line Package 


Metal Can Package 


BALANCE/ 1, 

COMPENSATION , 
INPUT — 

INPUT — 
w- 4 


-COMPENSATION 




Order Number LM101AJ, LM101 J/883*, 
LM201AN or LM301AN 
See NS Package Number J08A or N08A 


Note: Pin 4 connected to case. 

Order Number LM101AH, 
LMIOIAH/883% LM201AH or LM301AH 
See NS Package Number H08C 


Ceramic Flatpack Package 



TL/H/7752-4 

Order Number LM101AW/883 or LM101W/883 
See NS Package Number W10A 


♦Available per JM38510/10103. 


DuaMn-Line Package 


BALANCE/ 
CONDENSATION 3 



1? COMPENSATION 


Order Number LM101AJ-14/883* 
See NS Package Number J14A 




Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 



LM101A/LM201 A 

LM301A 

Supply Voltage 

±22V 

± 18V 

Differential Input Voltage 

±30V 

±30V 

Input Voltage (Note 1) 

± 15V 

± 15V 

Output Short Circuit Duration (Note 2) 

Continuous 

Continuous 

Operating Ambient Temp. Range 

— 55°C to + 125°C (LM101A) 

-25°C to + 85°C (LM201A) 

0°C to + 70°C 

Tj Max 

H-Package 

150°C 

100°C 

N-Package 

150°C 

100°C 

J-Package 

150°C 

100°C 

Power Dissipation atT A = 25°C 

H-Package (Still Air) 

500 mW 

300 mW 

(400 LF/Min Air Flow) 

1200 mW 

700 mW 

N-Package 

900 mW 

500 mW 

J-Package 

1000 mW 

650 mW 

Thermal Resistance (Typical) 0 j A 

H-Package (Still Air) 

165°C/W 

1 65°C/W 

(400 LF/Min Air Flow) 

67°C/W 

67°C/W 

N Package 

135°C/W 

1 35°C/W 

J-Package 

110°C/W 

1 1 0°CmW 

(Typical) 0 jC 

H-Package 

25°C/W 

25°C/W 

Storage Temperature Range 

— 65°C to 4- 1 50°C 

— 65°C to + 1 50°C 

Lead Temperature (Soldering, 10 sec.) 

Metal Can or Ceramic 

300°C 

300°C 

Plastic 

260°C 

260°C 

ESD Tolerance (Note 5) 

2000V 

2000V 


Electrical Characteristics (Note 3) t a = tj 


Parameter 

i 

Conditions 

LM101A/LM201A 

LM301A 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

T a = 25°C, R s ^ 50 kn 


0.7 

2.0 


2.0 

7.5 

mV 

Input Offset Current 

T a = 25°C 


1.5 

10 


3.0 

50 

nA 

Input Bias Current 

T a = 25° C 


30 

75 


70 

250 

nA 

Input Resistance 

T a = 25°C 

1.5 

4.0 


0.5 

2.0 


MQ 

Supply Current 

T a = 25°C 

V s = ±20V 


1.8 

3.0 




mA 

> 

in 

+1 

II 

CO 

> 





1.8 

3.0 

mA 

Large Signal Voltage Gain 

T a = 25°C, V s = ±15V 

VoUT= +10V, R L ^ 2kH 

50 

160 


25 

160 


V/mV 

Input Offset Voltage 

R s ^ 50 kH 



3.0 



10 

mV 

Average Temperature Coefficient 
of Input Offset Voltage 

R s ^ 50 k n 


3.0 

15 


6.0 

30 

juV/°C 

Input Offset Current 




20 



70 

nA 

Average Temperature Coefficient 
of Input Offset Current 

25°C <Z T a <: T MA x 

Tmin ^ T a ^ 25°C 


0.01 

0.1 


0.01 

0.3 

nA/°C 


0.02 

0.2 


0.02 

0.6 

nA/°C 


ii 


1 

:\ 

if 


Ii 
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LM101A/LM201A/LM301A 


Electrical Characteristics (Note 3> = tj (continued) 


Input Bias Current 

Supply Current 

Large Signal Voltage Gain 


Conditions 


T A = T M AX,Vs= ±20V 
V S = ±15V, VquT = ±10V 
R l ^ 2k 


LM101A/LM201A LM301A 

Min Typ Max Min Typ Max 




Output Voltage Swing 

V S =±15V R L =10ka 

±12 

±14 


±12 

±14 


V 


R L = 2 ka 

±10 

±13 


±10 

±13 


V 

Input Voltage Range 

V S = ±20 V 

±15 






V 


V s = ±15V 


+ 15, -13 


±12 

+ 15, -13 


V 

Common-Mode Rejection Ratio 

R s ^ 50 ka 

80 

96 


70 

90 


dB 

Supply Voltage Rejection Ratio 

Rs ^ 50 ka 

80 

96 


70 

96 


dB 


Note 1: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 2: Continuous short circuit is allowed for case temperatures to 125°C and ambient temperatures to 75°C for LM101A/LM201A, and 70°C and 55°C 
respectively for LM301A. 

Note 3: Unless otherwise specified, these specifications apply for Cl = 30 pF, ±5V < Vs ^ ±20V and -55°C < T A < + 125°C (LM101A), +5V ^ Vg ^ ±20V 
and — 25°C < T A < +85°C (LM201A), ±5V < V s £ ±15V and O’C <; T A < + 70°C (LM301A). 

Note 4: Refer to RETS101AX for LM101A military specifications and RETS101X for LM101 military specifications. 

Note 5: Human body model, 100 pF discharged through 1.5 kfl. 

Guaranteed Performance Characteristics lmioia/lm 2 oia 


Input Voltage Range 


2 12 — 

1 —ysSt 


- -SS°C <T* < 125°C- 


5 10 IS 

SUPPLY VOLTAGE (±V) 


Output Swing 


l 10 


-S5°C<T A <125°C 


SUPPLY VOLTAGE (±V) 


Voltage Gain 















00^ 


jfe. 









-ss 

"C<T A <12! 

>°C 




10 is 

SUPPLY VOLTAGE (±V) 


20 

TL/H/7752-5 


Guaranteed Performance Characteristics lm3oia 


Input Voltage Range 


Output Swing 


Voltage Gain 





SUPPLY VOLTAGE <±V) 


SUPPLY VOLTAGE l±V) 


SUPPLY VOLTAGE (±V) 
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Typical Performance Characteristics for Various Compensation Circuits 4 


Single Pole Compensation 


Two Pole Compensation 



Open Loop Frequency 
Response 



TL/H/7752-9 

Large Signal Frequency 
Response 



IK 10K 100K 1M 10M 

FREQUENCY (Hz) 

TL/H/7752-10 

Voltage Follower Pulse 
Response 



0 10 20 30 40 50 BO 70 00 
TIME M 

TL/H/7752-11 


*Pin connections shown are for 8-pin packages. 


Open Loop Frequency 
Response 



TL/H/7752-13 

Large Signal Frequency 
Response 



10k 100k 1M 

FREQUENCY (Hz) 

TL/H/7752-14 

Voltage Follower Pulse 
Response 



0 10 20 30 40 SO 00 70 10 
TIME M 

TL/H/7752-15 


Feedforward Compensation 

C2 



Open Loop Frequency 
Response 



22S 

100 

2 

'*% 

M S 


I 100 Ik 10k 100k 1M 10M 100M 
FREQUENCY (Hz) 

TL/H/7752-17 

Large Signal Frequency 
Response 



TL/H/7752-18 


Inverter Pulse Response 



01234S67I 
TIME M 

TL/H/7752-19 
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Typical Applications** 


Variable Capacitance Multiplier 


Simulated Inductor 


R1 R2 



Fast Inverting Amplifier 
with High Input Impedance 



Inverting Amplifier 
with Balancing Circuit 


R1 R2 




Sine Wave Oscillator 



Integrator with Bias Current 
Compensation 



’Adjust for zero integrator drift. Current drift typically 
0.1 nA/°C over -55°C to + 125°C temperature range. 


**Pin connections shown are for 8-pin packages. 


1 

,1 
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LM101A/LM201A/LM301A 


Application Hints* * 


Protecting Against Gross 
Fault Conditions 



t Protects output— not needed when R4 is used. 


Compensating for Stray Input Capacitances 
or Large Feedback Resistor 



Isolating Large Capacitive Loads 



Although the LM101 A is designed for trouble free operation, 
experience has indicated that it is wise to observe certain 
precautions given below to protect the devices from abnor- 
mal operating conditions. It might be pointed out that the 
advice given here is applicable to practically any 1C op amp, 
although the exact reason why may differ with different de- 
vices. 

When driving either input from a low-impedance source, a 
limiting resistor should be placed in series with the input 
lead to limit the peak instantaneous output current of the 
source to something less than 100 mA. This is especially 
important when the inputs go outside a piece of equipment 
where they could accidentally be connected to high voltage 
sources. Large capacitors on the input (greater than 0.1 juF) 
should be treated as a low source impedance and isolated 
with a resistor. Low impedance sources do not cause a 
problem unless their output voltage exceeds the supply volt- 
age. However, the supplies go to zero when they are turned 
off, so the isolation is usually needed. 

The output circuitry is protected against damage from shorts 
to ground. However, when the amplifier output is connected 
to a test point, it should be isolated by a limiting resistor, as 
test points frequently get shorted to bad places. Further, 
when the amplifer drives a load external to the equipment, it 
is also advisable to use some sort of limiting resistance to 
preclude mishaps. 


Precautions should be taken to insure that the power sup- 
plies for the integrated circuit never become reversed — 
even under transient conditions. With reverse voltages 
greater than 1 V, the 1C will conduct excessive current, fus- 
ing internal aluminum interconnects. If there is a possibility 
of this happening, clamp diodes with a high peak current 
rating should be installed on the supply lines. Reversal of 
the voltage between V+ and V~ will always cause a prob- 
lem, although reversals with respect to ground may also 
give difficulties in many circuits. 

The minimum values given for the frequency compensation 
capacitor are stable only for source resistances less than 
10 kft, stray capacitances on the summing junction less 
than 5 pF and capacitive loads smaller than 100 pF. If any 
of these conditions are not met, it becomes necessary to 
overcompensate the amplifier with a larger compensation 
capacitor. Alternately, lead capacitors can be used in the 
feedback network to negate the effect of stray capacitance 
and large feedback resistors or an RC network can be add- 
ed to isolate capacitive loads. 

Although the LM101A is relatively unaffected by supply by- 
passing, this cannot be ignored altogether. Generally it is 
necessary to bypass the supplies to ground at least once on 
every circuit card, and more bypass points may be required 
if more than five amplifiers are used. When feed-forward 
compensation is employed, however, it is advisable to by- 
pass the supply leads of each amplifier with low inductance 
capacitors because of the higher frequencies involved. 


**Pin connections shown are for 8-pin packages. 
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Typical Applications** (continued) 

Standard Compensation and 

Offset Balancing Circuit Fast Summing Amplifier 




Fast Voltage Follower Bilateral Current Source 




Fast AC/DC Converter* 


R6 CZ 

20K 10 pF 



**Pin connections shown are for 8-pin packages. 





|J 
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LM101A/LM201A/LM301A 



LM101A/LM201A/LM301A 


Typical Applications** (Continued) 


Instrumentation Amplifier 



TL/H/7752-34 


Integrator with Bias Current Compensation 



Voltage Comparator for Driving RTL Logic or 
High Current Driver 



TL/H/7752-37 



**Pin connections shown are for 8-pin packages. 
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Typical Applications 41 * (continued) 


Low Drift Sample and Hold Voltage Comparator for Driving 

Q1 DTL or TTL Integrated Circuits 



Schematic** 


TL/H/7752-38 


BAL/ 

C0MP1 V+ C0MP2 



TL/H/7752-1 


**Pin connections shown are for 8-pin packages. 


I 


It 



1-189 


LM101A/LM201A/LM301A 







LM 1 07/LM207/LM307 



National Semiconductor 


LM 1 07/LM207/LM307 Operational Amplifiers 


General Description 

The LM107 series are complete, general purpose operation- 
al amplifiers, with the necessary frequency compensation 
built into the chip. Advanced processing techniques make 
the input currents a factor of ten lower than industry stan- 
dards like the 709. Yet, they are a direct, plug-in replace- 
ment for the 709, LM101A and 741. 


tors. Further, replacing circuits where matched transistor 
pairs buffer the inputs of conventional 1C op amps, it can 
give lower offset voltage and drift at a lower cost. 

The LM107 is guaranteed over a -55°C to + 125°C temper- 
ature range, the LM207 from -25°C to +85°C and the 
LM307 from 0°C to +70°C. 


The LM107 series offers the features of the LM101 A, which 
makes its application nearly foolproof. In addition, the de- 
vice provides better accuracy and lower noise in high im- 
pedance circuitry. The low input currents also make it partic- 
ularly well suited for long interval integrators or timers, sam- 
ple and hold circuits and low frequency waveform genera- 


Features 

■ Offset voltage 3 mV maximum over temperature 

■ Input current 100 nA maximum over temperature 

■ Offset current 20 nA maximum over temperature 

■ Guaranteed drift characteristics 


Connection Diagrams 


Metal Can Package 


INPUTS 


Note: Pin 4 connected to case. 



TL/H/7757-2 


Top View 


Order Number LM107H/883* 
See NS Package Number H08C 


Dual-in-Line Package 



See NS Package Number J14A 


Dual-in-Line Package 



Order Number LM107J/883* or LM207J 
See NS Package Number J08A 

Order Number LM307N 
See NS Package Number N08A 


’Available per SMD# 5962-8958901. 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 4) 



LM107/LM207 

LM307 




Supply Voltage 

±22V 

± 18V 


t MIN 

t max 

Power Dissipation (Note 1) 

500 mW 

500 mW 


Differential Input Voltage 

±30V 

±30V 

LM107 

— 55°C 

+ 1 25°C 

Input Voltage (Note 2) 

± 15V 

± 15V 

LM207 

-25°C 

+ 85°C 

Output Short Circuit Duration 

Continuous 

Continuous 

LM307 

0°C 

+ 70°C 

Operating Temperature Range 0 a) 



ESD rating to be determined. 

(LM107) 

— 55°C to + 1 25°C 

0°C to + 70°C 




(LM207) 

— 25°C to +85°C 





Storage Temperature Range 

— 65°C to + 1 50°C 

— 65°C to + 1 50°C 




Lead Temperature (Soldering, 10 sec) 

260°C 

260°C 





Electrical Characteristics (Note 3) 


Parameter 

Conditions 

LM107/LM207 

LM307 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

T a = 25°C, R s ^ 50 k a 


0.7 

2.0 


2.0 

7.5 

mV 

Input Offset Current 

T a = 25°C 


1.5 

10 




nA 

Input Bias Current 

T a = 25°C 


30 

75 


70 

250 


Input Resistance 

T a = 25°C 

1.5 

4.0 



2.0 



Supply Current 

T a = 25°C 




WSM 





V s = ±20V 




H 





V S =±15V 




IBB 




Large Signal Voltage 

T a = 25°C, V s = ±15V 

50 



B 



V/mV 

Gain 

VoUT= ±10V, R L ^ 2 kn 








Input Offset Voltage 

R s ^ 50 kH 



3.0 



10 

mV 

Average Temperature 









Coefficient of Input 



3.0 

15 


6.0 

30 

JLtV/°C 

Offset Voltage 









Input Offset Current 




20 



70 

nA 

Average Temperature 

25°C ^ T a ^ T MA x 


0.01 

0.1 


0.01 

0.3 

nA/°C 

Coefficient of Input 

t MIN ^ T a ^ 25°C 


0.02 

0.2 


0.02 

0.6 

nA/°C 

Offset Current 









Input Bias Current 




100 



300 

nA 

Supply Current 

T a = + 125°C,V S = ±20V 


1.2 

2.5 




mA 
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LM 1 07/LM207/LM307 


Electrical Characteristics (Note 3) (continued) 


Parameter 

Conditions 

LM107/LM207 

LM307 





Min 

Typ 

Max 




Large Signal Voltage 

V s = ±15V,V 0 ut= ±iov 

mm 







Gain 

R l ^ 2 kft 







V/mV 

Output Voltage Swing 

V s = ± 15V 

R l = 10 kn 

HH 

n 

■ 

m 

18 


V 


R L = 2 kft 


■si 



Bl 


V 

Input Voltage Range 

V s = ±20V 

±15 

mm 





V 


V s = ± 15V 




±12 



V 




■89 






Common Mode 
Rejection Ratio 

R s ^ 50 kft 




70 



dB 

Supply Voltage 

Rejection Ratio 

Rs ^ 50 kft 

80 

96 

1 

70 

96 


dB 


Note 1: The maximum junction temperature of the LM107 is 150°C, and the LM207/LM307 is 100°C. For operating at elevated temperatures, devices in the H08 
package must be derated based on a thermal resistance of 1 65°C/W, junction to ambient, or 30°C/W, junction to case. The thermal resistance of the dual-in-line 
package is 100°C/W, junction to ambient. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: These specifications apply for ±5V ^ Vs ^ +20V and -55°C £ Ta £ + 125°C for the LM107 or -25°C £ Ta +85°C for the LM207, and 0°C ^ Ta ^ 
+ 70°C and ±5V £ Vs ^ ±15V for the LM307 unless otherwise specified. . 

Note 4: Refer to RETS107X for LM107H and LM107J military specifications. 

Schematic Diagram* 


v+ 



*Pin connections shown are for metal can. v TL/H/7757-1 
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Guaranteed Performance Characteristics LM 107 /LM 207 


Input Voltage Range 



SUPPLY VOLTAGE (±V) 




SUPPLY VOLTAGE (±V) 

TL/H/7757-4 


Guaranteed Performance Characteristics LM 307 


Input Voltage Range 



5 10 IS 

SUPPLY VOLTAGE (±V) 


Output Swing 



5 10 15 

SUPPLY VOLTAGE (±V) 


Typical Performance Characteristics 


Supply Current 



S 10 15 20 

SUPPLY VOLTAGE (±V) 



Voltage Gain 



5 10 15 

SUPPLY VOLTAGE (±V) 


TL/H/7757-5 




OUTPUT CURRENT (tniA) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 

TL/H/7757-6 
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LM107/LM207/LM307 


Typical Performance Characteristics (continued) 


Open Loop 



1 10 100 IK 10K 100K 1M 10M 

FREQUENCY (Hz) 


Large Signal 



IK 10K 100K 

FREQUENCY (Hz) 


Voltage Follower 



0 10 20 30 40 50 60 70 80 
TIME M 


TL/H/7757-7 


Typical Applications** 

Inverting Amplifier 


V.N— " ♦ 


Non-Inverting AC Amplifier 



V0UT= ~^ V IN 

Rin = Ri 



VoUT 


Ri +R2 lf 

V OUT ^ V| N 


Non-Inverting Amplifier 

RI R2 



**Pin connections shown are for metal can. 
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Typical Applications** (continued) 


Turntable Notch Filter 



Differential Input Instrumentation Amplifier 



TL/H/7757-12 

**Pin connections shown are for metal can. 
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LM 1 08/LM208/LM308 



National Semiconductor 


LM108/LM208/LM308 Operational Amplifiers 


General Description 

The LM108 series are precision operational amplifiers hav- 
ing specifications a factor of ten better than FET amplifiers 
over a -55°C to + 125°C temperature range. 

The devices operate with supply voltages from ±2V to 
±20V and have sufficient supply rejection to use unregulat- 
ed supplies. Although the circuit is interchangeable with and 
uses the same compensation as the LM101A, an alternate 
compensation scheme can be used to make it particularly 
insensitive to power supply noise and to make supply by- 
pass capacitors unnecessary. 

The low current error of the LM108 series makes possible 
many designs that are not practical with conventional ampli- 
fiers. In fact, it operates from 10 Mft source resistances, 


introducing less error than devices like the 709 with 10 kft 
sources. Integrators with drifts less than 500 ju,V/sec and 
analog time delays in excess of one hour can be made us- 
ing capacitors no larger than 1 jmF. 

The LM108 is guaranteed from -55°C to +125°C, the 
LM208 from -25°C to +85°C, and the LM308 from 0°C to 
+ 70°C. 

Features 

■ Maximum input bias current of 3.0 nA over temperature 

■ Offset current less than 400 pA over temperature 

■ Supply current of only 300 juA, even in saturation 

■ Guaranteed drift characteristics 


Compensation Circuits 


Standard Compensation Circuit 

R1 R2 



Alternate* Frequency Compensation 

R1 R2 



TL/H/7758-2 

* Improves rejection of power supply noise by a factor of ten. 

** Bandwidth and slew rate are proportional to 1/C S 


Feedforward Compensation 


C2 
5 pF 



TL/H/7758-3 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 5) 

LM108/LM208 LM308 

Supply Voltage ±20V ±18V 

Power Dissipation (Note 1 ) 500 mW 500 mW 

Differential Input Current (Note 2) ± 1 0 mA ± 1 0 mA 

Input Voltage (Note 3) ±15V ±15V 

Output Short-Circuit Duration Continuous Continuous 

Operating T emperature Range (LM 108) - 55°C to + 1 25°C 0°C to + 70°C 

(LM208) — 25°C to + 85°C 

Storage T emperature Range - 65°C to + 1 50°C - 65°C to + 1 50°C 

Lead Temperature (Soldering, 10 sec) 

DIP 260°C 260°C 

H Package Lead Temp 

(Soldering 10 seconds) 300°C 300°C 

Soldering Information 

Dual-In-Line Package 

Soldering (1 0 seconds) 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 21 5°C 

Infrared (1 5 seconds) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect on Product 

Reliability” for other methods of soldering surface mount devices. 

ESD Tolerance (Note 6) 2000V 

Electrical Characteristics (Note 4) 








Parameter 

Condition 

LM108/LM208 

LM308 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

T a = 25°C 


0.7 

2.0 


2.0 

7.5 

mV 

Input Offset Current 

T a = 25°C 






1 

nA 

Input Bias Current 

T a = 25°C 


0.8 



1.5 

7 

nA 

Input Resistance 

T a == 25°C 

30 

70 


10 

40 


Mft 

Supply Current 

T a = 25°C 


0.3 

0.6 


0.3 

0.8 

mA 

Large Signal Voltage 
Gain 

T a = 25°C,V S = ± 15V 

Vout= ±iov, r l ;> 10 kn 

50 

300 


25 

300 


V/mV 

Input Offset Voltage 




3.0 



10 

mV 

Average Temperature 
Coefficient of Input 
Offset Voltage 



3.0 



6.0 

30 

ju,V/°C 

Input Offset Current 







1.5 

nA 

Average Temperature 
Coefficient of Input 
Offset Current 



0.5 



2.0 

10 

pA/°C 

Input Bias Current 







10 

nA 

Supply Current 

T a = + 1 25°C 


0.15 

0.4 




mA 

Large Signal Voltage 
Gain 

V s = ±15V,V 0 UT = ±10V 
r l ^ io kn 

25 



15 



V/mV 


Vs = ± 15V, R l = 10 kn 

±13 

±14 


±13 

±14 


V 
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LM 1 08/LM208/LM308 


Electrical Characteristics (Note 4) (continued) 



Note 1: The maximum junction temperature of the LM1 08 is 1 50°C, for the LM208, 1 00°C and for the LM308, 85°C. For operating at elevated temperatures, devices 
in the H08 package must be derated based on a thermal resistance of 160°C/W, junction to ambient, or 20°C/W, junction to case. The thermal resistance of the 
dual-in-line package is 100°C/W, junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage in excess of 
IV is applied between the inputs unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: These specifications apply for ±5V ^ Vs ^ ±20V and -55°C ^ Ta £ + 125°C, unless otherwise specified. With the LM208, however, all temperature 
specifications are limited to -25°C £ T A ^ 85°C, and for the LM308 they are limited to 0°C £ T A ^ 70°C. 

Note 5: Refer to RETS108X for LM108 military specifications and RETs 108AX for LM108A military specifications. 

Note 6: Human body model, 1 .5 kfl in series with 1 00 pF. 


Schematic Diagram 


COMPENSATION 
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Typical Performance Characteristics lmio 8 /lm 208 


Input Currents 


2.0 

1.S 

5 1.0 
I 05 

i o 

3 

5 0.15 
- 0.10 
























0 

AS 



































0 

FFSI 

T 








□ 





-5S -35 -15 5 25 45 05 05 105 125 
TEMPERATURE ( Q C) 


Input Noise Voltage 



IK 10K 100K 

FREQUENCY (Hz) 


Voltage Gain 



Open Loop 
Frequency Response 



Offset Error 


Drift Error 
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1M 10M 

INPUT RESISTANCE (ft) 


10DK 1M 10M 

INPUT RESISTANCE (ft) 

Closed Loop 



FREQUENCY (Hz) 


FREQUENCY (Hz) 


Output Swing 


Supply Current 




$1 

s=: 


V 


15V 















1 










Ta - 121 
T a - 26° 
T a = -5! 
1 

i°C 

c ^ 

P 





i°C - 

P 







0 2 4 6 8 

OUTPUT CURRENT <±mA) 

Large Signal 
Frequency Response 


10 15 

SUPPLY VOLTAGE (±V> 


Voltage Follower 
Pulse Response 


gE 

135 I I 
CTz « s 

&/\ 90 g S 




1 10 100 IK 10K 100K 1M 10M 

FREQUENCY (Hz) 


10K 100K 

FREQUENCY (Hz) 


0 20 40 60 00 100 120 IN 160 
TIME <m!> 


TL/H/7758-6 
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LM 1 08/LM208/LM308 


Typical Performance Characteristics lm3os 


Input Currents 



TEMPERATURE < C) 



Input Noise Voltage 



10 100 IK 10K 100K 

FREQUENCY (Hz) 


Closed Loop 



Voltage Gain 

120 , 1 , 1 



5 10 IS 20 

SUPPLY VOLTAGE (tV) 


* 

C9 

Z 

i 

5 

6 

3 


Output Swing 



0 2 4 6 0 

OUTPUT CURRENT <±mA) 


Supply Current 



S 10 IS 20 


SUPPLY VOLTAGE (±V) 


Open Loop 
Frequency Response 



Large Signal 



1 10 100 IK 10K 100K 1M 10M 


IK 


100K 1M 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


Voltage Follower 
Pulse Response 



0 20 40 60 80 100 120140160 
TIME (ns) 


TL/H/7758-7 
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LM108/LM208/LM308 


Typical Applications (Continued) 

Fasti Summing Amplifier 


C5| 



Connection Diagrams 

Metal Can Package 
COMP 2 



’Package is connected to Pin 4 (V - ) 

’’Unused pin (no internal connection) to allow for input anti-leakage guard 
ring on printed circuit board layout. 

Order Number LM108H, LM108H/883, 
LM308AH or LM308H 
See NS Package Number H08C 



COMPENSATION 2 
V+ 

OUTPUT 


TL/H/7758-16 


Order Number LM108J/883 
See NS Package Number J14A 


Dual-ln-Line Package 



COMP 2 

v + 


OUTPUT 


NC 


TL/H/7758-15 


Order Number LM108J-8/883, LM308M or LM308N 
See NS Package Number J08A, M08A or N08E 



See NS Package Number W10A 


tAlso available per JM38510/10104 
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National Semiconductor 


LM1 18/LM218/LM318 
Operational Amplifiers 

General Description 

The LM118 series are precision high speed operational am- 
plifiers designed for applications requiring wide bandwidth 
and high slew rate. They feature a factor of ten increase in 
speed over general purpose devices without sacrificing DC 
performance. 

The LM118 series has internal unity gain frequency com- 
pensation. This considerably simplifies its application since 
no external components are necessary for operation. How- 
ever, unlike most internally compensated amplifiers, exter- 
nal frequency compensation may be added for optimum 
performance. For inverting applications, feedforward com- 
pensation will boost the slew rate to over 150V/jas and al- 
most double the bandwidth. Overcompensation can be 
used with the amplifier for greater stability when maximum 
bandwidth is not needed. Further, a single capacitor can be 
added to reduce the 0.1 % settling time to under 1 jus. 

The high speed and fast settling time of these op amps 
make them useful in A/D converters, oscillators, active fil- 


Connection Diagrams 


Dual-ln-Line Package 



Order Number LM1 18J/883* 
See NS Package Number J14A 


♦Available per JM38510/10107. 


ters, sample and hold circuits, or general purpose amplifiers. 
These devices are easy to apply and offer an order of mag- 
nitude better AC performance than industry standards such 
as the LM709. 

The LM218 is identical to the LM1 18 except that the LM218 
has its performance specified over a -25°C to +85°C tem- 
perature range. The LM318 is specified from 0°C to + 70°C. 

Features 

■ 15 MHz small signal bandwidth 

■ Guaranteed 50V/ju,s slew rate 

■ Maximum bias current of 250 nA 

■ Operates from supplies of ±5 V to ±20V 

■ Internal frequency compensation 

■ Input and output overload protected 

■ Pin compatible with general purpose op amps 


Dual-ln-Line Package 



Order Number LM118J-8/883*, 
LM318M or LM318N 

See NS Package Number J08A, M08A or N08B 
Metal Can Package** 


COMPENSATION-2 



Top View 


**Pin connections shown on schematic diagram 
and typical applications are for TO-5 package. 

Order Number LM118H, LM118H/883*, 
LM218H or LM318H 
See NS Package Number H08C 
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LM1 18/LM218/LM318 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


(Note 6) 

Supply Voltage ± 20V 

Power Dissipation (Note 1 ) 500 mW 

Differential Input Current (Note 2) ± 1 0 mA 

Input Voltage (Note 3) ± 1 5V 

Output Short-Circuit Duration Continuous 


Operating Temperature Range 
LM118 — 55°C to + 1 25°C 

LM218 — 25°C to + 85°C 

LM318 0°Cto+70°C 

Storage Temperature Range -65°C to + 1 50°C 

Lead Temperature (Soldering, 10 sec.) 

Hermetic Package 300°C 

Plastic Package 260°C 

Soldering Information 
Dual-ln-Line Package 

Soldering (10 sec.) 260°C 

Small Outline Package 

Vapor Phase (60 sec.) 215°C 

Infrared (1 5 sec.) 220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


ESD Tolerance (Note 7) 2000V 

Electrical Characteristics (Note 4) 


Parameter 

Conditions 


LM318 




Max 


Typ 

Max 

Input Offset Voltage 

T a = 25°C 


n 

4 


4 

10 


Input Offset Current 

T a = 25°C 


6 

50 


30 

200 

nA 

Input Bias Current 

T a = 25°C 



250 


150 

500 

nA 

Input Resistance 

T a = 25°C 

1 

M 



3 


Mft 

Supply Current 

T a = 25°C 


mm 

8 


5 

10 


Large Signal Voltage Gain 

T a = 25°C, V s = ± 15V 

Vqut = ± 10V, R L ^ 2 kfl 





200 



Slew Rate 



. 70 


50 

70 



Small Signal Bandwidth 

T a = 25°C, V s = ± 15V 


15 



15 


MHz 

Input Offset Voltage 




6 



15 

mV 

Input Offset Current 




100 




nA 

Input Bias Current 




500 




nA 

Supply Current 

T a = 125°C 


4.5 

7 




mA 

Large Signal Voltage Gain 

V s = ±15V, Vqut = ±10V 

R l ^ 2 kH 

25 



20 



V/mV 

Output Voltage Swing 

V s = ±15V, R L = 2 kfl 

±12 

±13 


±12 

±13 


V 

Input Voltage Range 

V s = ± 15V 

±11.5 



±11.5 



V 

Common-Mode Rejection Ratio 


80 

100 


70 

100 


dB 

Supply Voltage Rejection Ratio 


70 

80 


65 

80 


dB 


Note 1:The maximum junction temperature of the LM118 is 150°C, the LM218 is 110°C, and the LM318 is 110°C. For operating at elevated temperatures, devices 
in the H08 package must be derated based on a thermal resistance of 1 60°C/W, junction to ambient, or 20°C/W, junction to case. The thermal resistance of the 
dual-in-line package is 1 00°C/W, junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage in excess of 
IV is applied between the inputs unless some limiting resistance is used. 


Note 3: For supply voltages less than ± 1 5V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: These specifications apply for ±5V ^ V s ^ ±20V and -55°C ^ T A ^ +125°C (LM118), -25°C <S T A £ +85°C (LM218), and 0°C <; T A £ +70°C 
(LM318). Also, power supplies must be bypassed with 0.1 /xF disc capacitors. 

Note 5: Slew rate is tested with Vs = ±15V. The LM1 18 is in a unity-gain non-inverting configuration. Vin is stepped from -7.5V to +7.5V and vice versa. The 
slew rates between -5.0V and + 5.0V and vice versa are tested and guaranteed to exceed 50V//xs. 

Note 6: Refer to RETS118X for LM1 18H and LM118J military specifications. 

Note 7: Human body model, 1.5 kfi in series with 100 pF. 
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Typical Performance Characteristics lmus, LM218 
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Typical Performance Characteristics lmus, lm2is ( continued) 
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Typical Performance Characteristics lm3is (Continued) 
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National Semiconductor 


LM 1 24/LM224/ LM324/LM2902 

Low Power Quad Operational Amplifiers 


General Description 

The LM124 series consists of four independent, high gain, 
internally frequency compensated operational amplifiers 
which were designed specifically to operate from a single 
power supply over a wide range of voltages. Operation from 
split power supplies is also possible and the low power sup- 
ply current drain is independent of the magnitude of the 
power supply voltage. 

Application areas include transducer amplifiers, DC gain 
blocks and all the conventional op amp circuits which now 
can be more easily implemented in single power supply sys- 
tems. For example, the LM1 24 series can be directly operat- 
ed off of the standard + 5V power supply voltage which is 
used in digital systems and will easily provide the required 
interface electronics without requiring the additional ± 1 5 V 
power supplies. 

Unique Characteristics 

■ In the linear mode the input common-mode voltage 
range includes ground and the output voltage can also 
swing to ground, even though operated from only a sin- 
gle power supply voltage 

■ The unity gain cross frequency is temperature 
compensated 

■ The input bias current is also temperature 
compensated 


Advantages 

■ Eliminates need for dual supplies 

■ Four internally compensated op amps in a single 
package 

■ Allows directly sensing near GND and Vqut also goes 
to GND 

■ Compatible with all forms of logic 

■ Power drain suitable for battery operation 

Features 

■ Internally frequency compensated for unity gain 

■ Large DC voltage gain 100 dB 

■ Wide bandwidth (unity gain) 1 MHz 

(temperature compensated) 

■ Wide power supply range: 

Single supply 3V to 32V 

or dual supplies ± 1 .5V to ±1 6V 

■ Very low supply current drain (700 jtxA) — essentially in- 
dependent of supply voltage 

■ Low input biasing current 45 nA 

(temperature compensated) 

■ Low input offset voltage 2 mV 

and offset current 5 nA 

■ Input common-mode voltage range includes ground 

■ Differential input voltage range equal to the power sup- 
ply voltage 

■ Large output voltage swing 0VtoV+ - 1.5V 


Connection Diagram 


Dual-ln-Line Package 



Order Number LM124J, LM124AJ, LM124J/883**, 
LM124AJ/883*, LM224J, LM224AJ, LM324J, LM324M, 
LM324AM, LM2902M, LM324N, LM324AN or LM2902N 
See NS Package Number J14A, M14A or N14A 


*LM124A available per JM3851 0/1 1006 
**LM124 available per JM38510/11005 



Order Number LM124AE/883 or LM124E/883 
See NS Package Number E20A 



OUTPUT 4 
INPUT 4- 
INPUT 4+ 
GND 

INPUT 3+ 
INPUT 3- 
0UTPUT 3 


TL/H/9299-33 

Order Number LM124AW/883 or LM124W/883 
See NS Package Number W14B 
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Absolute Maximum Ratings 


If Military/ Aerospace specified devices are required, please contact the National Semiconductor Sales Office/Distributors for availability and specifications. 
(Note 9) 


Supply Voltage, V + 

LM 1 24/LM224/LM324 

LM 1 24A/LM224A/LM324 A 

32V 

LM2902 

26V 

Differential Input Voltage 

32V 

26V 

Input Voltage 

- 0.3 V to + 32V 

-0.3 V to +26V 

Input Current 
(V| N < -0.3V) (Note 3) 

50 mA 

50 mA 

Power Dissipation (Note 1) 
Molded DIP 

1130 mW 

1130 mW 

Cavity DIP 

1260 mW 

1260 mW 

Small Outline Package 

800 mW 

800 mW 

Output Short-Circuit to GND 
(One Amplifier) (Note 2) 

V + <; 15V and T a = 25°C 

Continuous 

Continuous 

Operating Temperature Range 
LM324/ LM324A 
LM224/LM224A 
LM124/LM124A 

0°C to +70°C 
— 25°Cto + 85°C 
— 55°Cto +125°C 

-40°Cto +85°C 


LM124/LM224/LM324 
LM 1 24A/LM224A/LM324A 

Storage T emperature Range - 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 seconds) 260°C 


LM2902 

— 65°Cto + 1 50°C 
260°C 


Soldering Information 
Dual-In-Line Package 

Soldering (10 seconds) 260°C 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 215°C 215°C 

Infrared (1 5 seconds) 220°C 220°C 

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for 
other methods of soldering surface mount devices. 

ESD Tolerance (Note 10) 250V 250V 


Electrical Characteristics v = + 5.0V, (Note 4), unless otherwise stated 



Conditions 

LM124A 

LM224A 

LM324A 

LM124/LM224 

LM324 

LM2902 

Units 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Input Offset Voltage 

(Note 5) T A = 25°C 

1 2 

1 3 

2 3 

2 5 

2 7 

2 7 

mV 

Input Bias Current 
(Note 6) 

•lN(+)Orl|N(-), Vcm = 0V, 

T a = 25°C 

20 50 

40 80 

45 100 




nA 

Input Offset Current 

l|N(+) ~ l|N(-)> Vcm = 0V, 

T A = 25°C 

2 10 

2 15 

5 30 

3 30 

5 50 

5 50 


Input Common-Mode 
Voltage Range (Note 7) 

V + = 30V, (LM2902, V + = 26V), 
T a = 25°C 

0 V + — 1.5 

0 V + — 1.5 

0 V+-1.5 


0 V + — 1.5 

0 V + — 1.5 


Supply Current 

Over Full Temperature Range 
r l = oo On All Op Amps 

V + = 30V (LM2902 V + = 26V) 
V+ = 5V 

1.5 3 

0.7 1.2 

1.5 3 

0.7 1.2 

1.5 3 

0.7 1.2 

1.5 3 

0.7 1.2 



mA 

Large Signal 

Voltage Gain 

V + = 15V, R L ^ 2 kft, 

(V 0 = IV to 1 1V), T a = 25°C 

50 100 

50 100 

25 100 

50 100 




Common-Mode 

Rejection Ratio 

DC, V CM = 0VtoV + - 1.5V, 

Ta = 25°C 

70 85 

70 85 

65 85 

70 85 

65 85 

50 70 


Power Supply 

Rejection Ratio 

V + = 5V to 30V 
(LM2902, V + = 5V to 26V), 

T a = 25°C 

65 100 

65 100 

65 100 

65 100 

65 100 

50 100 
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Electrical Characteristics V + = + 5.0V (Note 4) unless otherwise stated (Continued) 


Parameter 

Conditions 

LM124A 

LM224A 

LM324A 

LM124/LM224 

LM324 

LM2902 

Units 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Amplifier-to-Amplifier 
Coupling (Note 8) 

f = 1 kHz to 20 kHz, T A = 25°C 
(Input Referred) 

-120 

-120 

-120 

-120 

-120 

-120 

dB 

Output Current 

Source 

V| N + =1V,V| N - = 0V, 

V + = 15V, V 0 = 2V, T a = 25°C 

20 40 

20 40 

20 40 

20 40 

20 40 

20 40 

mA 

Sink 

V, N - = IV, V| N + = 0V, 

V + = 15V, V 0 = 2V, T a = 25°C 

10 20 

10 20 

10 20 

10 20 

10 20 

10 20 

V|N _ = 1V,V| N + =0V, 

V + = 15V, V 0 = 200 mV, T A = 25°C 

12 50 

12 50 

12 50 

12 50 

12 50 

12 50 

fiA 

Short Circuit to Ground 

(Note2)V + = 15V, T a = 25°C 

40 60 

40 60 

40 60 

40 60 

40 60 

40 60 

mA 

Input Offset Voltage 

(Note 5) 

4 

4 

5 

7 

9 

10 

mV 

Input Offset 

Voltage Drift 

Rs = Of! 

7 20 

7 20 

7 30 

7 

7 

7 

JLlV/°C 

Input Offset Current 

I|N(+) “ l|N(-)> Vcm = 0V 

30 

30 

75 

100 

150 

45 200 

nA 

Input Offset 

Current Drift 

Rg == Oft 

10 200 

10 200 

10 300 

10 

10 

10 

pA/°C 

Input Bias Current 

*IN(+) or l|N(— ) 

40 100 

40 100 

40 200 

40 300 

40 500 

40 500 

nA 

Input Common-Mode 
Voltage Range (Note 7) 

V + = +30V 
(LM2902, V + = 26V) 

0 V + —2 

0 V+-2 

0 V + -2 

0 V + —2 

0 V + —2 

0 V + —2 

V 

Large Signal 

Voltage Gain 

V + = + 15V 

(Vo Swing = IV to 1 1V) 

R L ^ 2 kft 

25 

25 

15 

25 

15 

15 

V/mV 

Output Voltage 
Swing 

Voh 

V + = 30V 
(LM2902, V + = 26V) 

R l = 2 kn 

26 

26 

26 

26 

26 

22 

V 

R l = 10 kH 

27 28 

27 28 

27 28 

27 28 

27 28 

23 24 

v OL 

V + = 5V,R l = 10 kn 

5 20 

5 20 

5 20 

5 20 

5 20 

5 100 

mV 


zoezvn/vzsvn/vzzvn/mm 
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Electrical Characteristics V + = + 5.0V (Note 4) unless otherwise stated (Continued) 



Conditions 

LM124A 

LM224A 

LM324A 

LM124/LM224 

LM324 

LM2902 

Units 



Min 

Typ Max 

Min 

Typ Max 

Min 

Typ Max 

Min 

Typ Max 

Min 

Typ Max 

Min 

Typ Max 

Output Current 

Source 

> 

CM 

II 

< < 
2 2 

1 + 

II II 

<i 
< < 

+ 

it 

cn 

< 

10 

20 

10 

20 

10 

20 

10 

20 

10 

20 

10 

20 

mA 


Sink 


< < 
2 2 

+ 1 

II 11 

< 1 
< < 

+ 

II 

U1 

< 

10 

15 

5 

8 

5 

8 

5 

8 

5 

8 

5 

8 


Note 1: For operating at high temperatures, the LM324/LM324A/LM2902 must be derated based on a + 125°C maximum junction temperature and a thermal resistance of 88°C/W which applies for the device soldered in a printed 
circuit board, operating in a still air ambient. The LM224/LM224A and LM124/LM124A can be derated based on a +150°C maximum junction temperature. The dissipation is the total of all four amplifiers — use external resistors, 

where possible, to allow the amplifier to saturate of to reduce the power which is dissipated in the integrated circuit. 

Note 2: Short circuits from the output to V + can cause excessive heating and eventual destruction. When considering short circuits to ground, the maximum output current is approximately 40 mA independents the magnitude of 
V + . At values of supply voltage in excess of + 15V, continuous short-circuits can exceed the power dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on all amplifiers. 
Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP transistors becoming forward biased and thereby acting as input diode 
clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the 1C chip. This transistor action can cause the output voltages of the op amps to go to the V + voltage level (or to ground for a large 
overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns to a value greater than -0.3V (at 25°C). 
Note 4: These specifications are limited to -55°C ^ Ta ^ +125°C for the LM124/LM124A. With the LM224/LM224A, all temperature specifications are limited to -25°C £ Ta ^ +85°C, the LM324/LM324A temperature 
specifications are limited to 0°C ^ Ta ^ +70°C, and the LM2902 specifications are limited to -40°C ^ T A £ +85°C. 

Note 5: Vq = 1.4V, Rs = Oft with V + from 5V to 30V; and over the full input common-mode range (0V to V + - 1.5V) for LM2902, V + from 5V to 26V. 

Note 6: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, independent of the state of the output so no loading change exists on the input lines. 

Note 7: The input common-mode voltage of either input signal voltage should not be allowed to go negative by more than 0.3V (at 25°C). The upper end of the common-mode voltage range is V + - 1.5V (at 25°C), but either or both 
inputs can go to +32V without damage (+26V for LM2902), independent of the magnitude of V + . 

Note 8: Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This typically can be detected as this type of capacitance increases at higher frequencies. 
Note 9: Refer to RETS124AX for LM124A military specifications and refer to RETS124X for LM124 military specifications. 


Note 10: Human body model, 1.5 kft in series with 100 pF. 

Schematic Diagram (Each Amplifier) 
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LM 1 24/LM224/LM324/LM2902 


Typical Performance Characteristics (LM2902omy) 
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V + - SUPPLY VOLTAGE (V DC ) 


Application Hints 

The LM124 series are op amps which operate with only a 
single power supply voltage, have true-differential inputs, 
and remain in the linear mode with an input common-mode 
voltage of 0 Vdc- These amplifiers operate over a wide 
range of power supply voltage with little change in perform- 
ance characteristics. At 25°C amplifier operation is possible 
down to a minimum supply voltage of 2.3 Vdc- 
The pinouts of the package have been designed to simplify 
PC board layouts. Inverting inputs are adjacent to outputs 
for all of the amplifiers and the outputs have also been 
placed at the corners of the package (pins 1, 7, 8, and 14). 
Precautions should be taken to insure that the power supply 
for the integrated circuit never becomes reversed in polarity 
or that the unit is not inadvertently installed backwards in a 
test socket as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

Large differential input voltages can be easily accommo- 
dated and, as input differential voltage protection diodes are 
not needed, no large input currents result from large differ- 
ential input voltages. The differential input voltage may be 
larger than V + without damaging the device. Protection 
should be provided to prevent the input voltages from going 
negative more than -0.3 Vdc ( at 25°C). An input clamp 
diode with a resistor.to the 1C input terminal can be used. 
To reduce the power supply drain, the amplifiers have a 
class A output stage for small signal levels which converts 
to class B in a large signal mode. This allows the amplifiers 
to both source and sink large output currents. Therefore 
both NPN and PNP external current boost transistors can 
be used to extend the power capability of the basic amplifi- 
ers. The output voltage needs to raise approximately 1 di- 
ode drop above ground to bias the on-chip vertical PNP 
transistor for output current sinking applications. 

For ac applications, where the load is capacitively coupled 
to the output of the amplifier, a resistor should be used, from 
the output of the amplifier to ground to increase the class A 
bias current and prevent crossover distortion. 



o 10 20 30 

V+- SUPPLY VOLTAGE (Vdc) 

TL/H/9299-4 


Where the load is directly coupled, as in dc applications, 
there is no crossover distortion. 

Capacitive loads which are applied directly to the output of 
the amplifier reduce the loop stability margin. Values of 
50 pF can be accommodated using the worst-case non-in- 
verting unity gain connection. Large closed loop gains or 
resistive isolation should be used if larger load capacitance 
must be driven by the amplifier. 

The bias network of the LM124 establishes a drain current 
which is independent of the magnitude of the power supply 
voltage over the range of from 3 Vdc *6 30 Vdc- 
Output short circuits either to ground or to the positive pow- 
er supply should be of short time duration. Units can be 
destroyed, not as a result of the short circuit current causing 
metal fusing, but rather due to the large increase in 1C chip 
dissipation which will cause eventual failure due to exces- 
sive junction temperatures. Putting direct short-circuits on 
more than one amplifier at a time will increase the total 1C 
power dissipation to destructive levels, if not properly pro- 
tected with external dissipation limiting resistors in series 
with the output leads of the amplifiers. The larger value of 
output source current which is available at 25°C provides a 
larger output current capability at elevated temperatures 
(see typical performance characteristics) than a standard 1C 
op amp. 

The circuits presented in the section on typical applications 
emphasize operation on only a single power supply voltage. 
If complementary power supplies are available, all of the 
standard op amp circuits can be used. In general, introduc- 
ing a pseudo-ground (a bias voltage reference of V + /2) will 
allow operation above and below this value in single power 
supply systems. Many application circuits are shown which 
take advantage of the wide input common-mode voltage 
range which includes ground. In most cases, input biasing is 
not required and input voltages which range to ground can 
easily be accommodated. 
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Typical Single-Supply Applications <v+ = 5.0 v DC ) (continued) 


Fixed Current Sources 

v + 



Current Monitor 
R1* l L 

0.1 ► 



TL/H/9299-12 


Lamp Driver 

v + 



Driving TTL 



Voltage Follower Pulse Generator 




TL/H/9299-15 
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Typical Single-Supply Applications (v + = 5.0 v DC ) (continued) 


Squarewave Oscillator 



LM 124/LM224/LM324/LM2902 
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Typical Single-Supply Applications (v + = 5.0 v DC ) (continued) 


Voltage Controlled Oscillator Circuit 



_TLTL 




♦Wide control voltage range: 0 Vqc ^ Vq ^ 2 (V+ —1.5 Vqc) 


Photo Voltaic-Cell Amplifier 


(CELL HAS OV f 
ACROSS IT) V T J 



AC Coupled Inverting Amplifier 



ci-±r 

10/iF 





Typical Single-Supply Applications (v + = 5 ov DC ) (continued) 



DC Coupled Low-Pass RC Active Filter 


ci 

0.0VF 



TL/H/9299-26 





Typical Single-Supply Applications <v f = 5.0 v DC ) (continued) 

High Input Z Adjustable-Gain 
DC Instrumentation Amplifier 

R1 

100k 



Vo = 1 + "rF (V 2_Vi) 
As shown Vq = 101 (V 2 - Vi) 


TL/H/9299-28 


Using Symmetrical Amplifiers to 
Reduce Input Current (General Concept) 




TL/H/9299-29 







LM 1 24/LM224/LM324/LM2902 



LM143/LM343 


National Semiconductor 

LM143/LM343 High Voltage 
Operational Amplifier 

General Description 

The LM143 Is a general purpose high voltage operational 
amplifier featuring operation to ±40V, complete input over- 
voltage protection up to ±40V and input currents compara- 
ble to those of other super-0 op amps. Increased slew rate, 
together with higher common-mode and supply rejection, 
insure improved performance at high supply voltages. Oper- 
ating characteristics, in particular supply current, slew rate 
and gain, are virtually independent of supply voltage and 
temperature. Furthermore, gain is unaffected by output 
loading at high supply voltages due to thermal symmetry on 
the die. The LM143 is pin compatible with general purpose 
op amps and has offset null capability. 

Application areas include those of general purpose op 
amps, but can be extended to higher voltages and higher 
output power when externally boosted. For example, when 
used in audio power applications, the LM143 provides a 
power bandwidth that covers the entire audio spectrum. In 
addition, the LM143 can be reliably operated in environ- 
ments with large overvoltage spikes on the power supplies, 
where other internally-compensated op amps would suffer 
catastrophic failure. 

The LM343 is similar to the LM143 for applications in less 
severe supply voltage and temperature environments. 


Connection Diagram 


Metal Can Package 
Top View 

NC 



Order Number LM143H, LM143H/883* or LM343H 
See NS Package Number H08C 


♦Available per SMD# 7800303 


Features 

■ Wide supply voltage range +4.0V to ±40V 

■ Large output voltage swing ±37V 

■ Wide input common-mode range ±38V 

■ Input overvoltage protection Full ±40V 

■ Supply current is virtually independent of supply voltage 
and temperature 

Unique Characteristics 

■ Low input bias current 8.0 nA 

■ Low input offset current 1 .0 nA 

■ High slew rate — essentially independent of temperature 

and supply voltage 2.5V/ juts 

■ High voltage gain— virtually independent of resistive 

loading, temperature, and supply voltage 100k min 

■ Internally compensated for unity gain 

■ Output short circuit protection 

■ Pin compatible with general purpose op amps 
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Absolute Maximum Ratings (Note i) 

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 4) 


Supply Voltage 

Power Dissipation (Note 1) 

Differential Input Voltage (Note 2) 

Input Voltage (Note 2) 

Operating Temperature Range 
Storage Temperature Range 
Output Short Circuit Duration 
Lead Temperature (Soldering, 10 sec.) 
ESD rating to be determined. 


LM143 

+ 40V 
680 mW 
80V 
±40V 

— 55°C to + 125°C 
— 65°C to + 150°C 
5 seconds 
300°C 


LM343 

±34V 
680 mW 
68V 
±34V 

0°C to +70°C 
— 65°C to + 1 50°C 
5 seconds 
300°C 


Electrical Characteristics (Note 3) 


Parameter 

Conditions 

LM143 

LM343 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Input Offset Voltage 

T a = 25°C 


2.0 

5.0 


2.0 

8.0 

mV 

Input Offset Current 

T a = 25°C 


1.0 

3.0 


1.0 

10 

nA 

Input Bias Current 

T a = 25°C 


8.0 

20 


8.0 

■ 

nA 

Supply Voltage 

Rejection Ratio 

T a = 25°C 


10 

100 


D 


jaV/V 

Output Voltage Swing 

T a = 25°C, R L ^ 5 kH 

22 

25 


20 

■ 


V 

Large Signal Voltage 

Gain 

T a = 25'C, V 0UT = ±10V, 

R|_ 2: 100 kfl 




IP! 

j|^^| 


V/V 

Common-Mode 

Rejection Ratio 

T a = 25°C 

80 



D 



dB 

Input Voltage Range 

T a = 25°C 

±24 




±26 


V 

Supply Current (Note 5) 

T a = 25°C 





2.0 


mA 

Short Circuit Current 

T a = 25°C 


20 



20 



Slew Rate 

T a = 25°C, A v = 1 


ma 



2.5 



Power Bandwidth 

T a =25°C, Vqut = 40 V p .p, 

R l = 5 kfl, THD ^ 1% 



■ 


20k 


Hz 

Unity Gain Frequency 

T a = 25°C 





1.0M 


Hz 

Input Offset Voltage 

T a = Max 






10 

mV 


T a = Min 






10 

Input Offset Current 

T a = Max 

BiliM 

0.8 

4.5 


0.8 

14 



T a = Min 


1.8 

7.0 


1.8 

14 

Input Bias Current 

T a = Max 



35 


5.0 

55 



T a = Min 



35 


16 

55 

Large Signal Voltage 

Rl_ ^ 100 kft, T a = Max 

50k 

150k 


50k 

150k 


V/V 

Gain 

R L ^> 100 kO, T a = Min 

50k 

220k 


50k 

220k 


Output Voltage Swing 

Rl ^ 5.0 kn, T a = Max 

22 

26 


20 

26 


v 


Rl ^ 5.0 kH, T a = Min 

22 

25 


20 

25 




Note 1: Absolute maximum ratings are not necessarily concurrent, and care must be taken not to exceed the maximum junction temperature of the LM143 (150°C) 
or the LM343 (100°C). For operating at elevated temperatures, devices in the H08 package must be derated based on a thermal resistance of 1 55°C/W, junction to 
ambient, or 20°C/W, junction to case. 


Note 2: For supply voltage less than +40V for the LM143 and less than +34V for the LM343, the absolute maximum input voltage is equal to the supply voltage. 
Note 3: These specifications apply for Vg = +28V. For LM143, T A = max = 125°C and T A = min = -55°C. For LM343, T A = max = 70°C and T A = min = 
0°C. 

Note 4: Refer to RETS143X for LM143H and LM1536H military specifications. 

Note 5: The maximum supply currents are guaranteed at Vs = ±40V for the LM143 and Vs = ±34V for the LM343. 
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Typical Performance Characteristics 


Voltage Follower Slew Rate 
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FREQUENCY (Hz) 


Common-Mode Rejection 



1.0 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Power Supply Rejection 



1.0 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Open Loop Frequency 
Response 


180 | 
135 £ 

O 


9 

45 ffi 
*2 

0 


1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 



Voltage Follower Pulse 



0 10 20 30 40 

TIME (a i) 


Short Circuit Current 



-55-35 -15 5 25 45 65 05 105 125 
TEMPERATURE CC) 



Large Signal Frequency 


Response 



100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Inverter Pulse Response 



0 10 20 30 40 

TIME (ms) 

TL/H/7783-4 
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LM143/LM343 


Typical Performance Characteristics (Continued) 


Input Voltage Range 



0 10 20 30 40 

SUffLY VOLTAGE (±V) 



0 10 20 30 40 

SUPPLY VOLTAGE (±V) 



SUPPLY VOLTAGE (±V) 


Input Current 



-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 




- 55 - 35-15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 

TL/H/7783-3 


Application Hints (seeAN-127) 

The LM143 is designed for trouble free operation at any 
supply voltage up to and including the guaranteed maximum 
of ±40V. Input overvoltage protection, both common-mode 
and differential, is 1 00% tested and guaranteed at the maxi- 
mum supply voltage. Furthermore, all possible high voltage 
destructive modes during supply voltage turn-on have been 
eliminated by design. As with most 1C op amps, however, 
certain precautions should be observed to insure that the 
LM143 remains virtually blow-out proof. 

Although output short circuits to ground or either supply can 
be sustained indefinitely at lower supply voltages, these 
short circuits should be of limited duration when operating at 
higher supply voltages. Units can be destroyed by any com- 
bination of high ambient temperature, high supply voltages, 
and high power dissipation which results in excessive die 
temperature. This is also true when driving low impedance 
or reactive loads or loads that can revert to low impedance; 
for example, the LM143 can drive most general purpose op 
amps outside of the maximum input voltage range, causing 
heavy current to flow and possibly destroying both devices. 
Precautions should be taken to insure that the power sup- 
plies never become reversed in polarity — even under tran- 
sient conditions. With reverse voltage, the 1C will conduct 
excessive current, fusing the internal aluminum intercon- 
nects. Voltage reversal between the power supplies will al- 
most always result in a destroyed unit. 


In high voltage applications which are sensitive to very low 
input currents, special precautions should be exercised. For 
example, with high source resistances, care should be tak- 
en to prevent the magnitude of the PC board leakage cur- 
rents, although quite small, from approaching those of the 
op amp input currents. These leakage currents become 
larger at 125°C and are made worse by high supply volt- 
ages. To prevent this, PC boards should be properly 
cleaned and coated to prevent contamination and to pro- 
vide protection from condensed water vapor when operat- 
ing below 0°C. A guard ring is also recommended to signifi- 
cantly reduce leakage currents from the op amp input pins 
to the adjacent high voltage pins in the standard op amp pin 
connection as shown in Figure 1. Figures 2, 3 and 4 show 
how the guard ring is connected for the three most common 
op amp configurations. 

Finally, caution should be exercised in high voltage applica- 
tions as electrical shock hazards are present. Since the 
negative supply is connected to the case, users may inad- 
vertantly contact voltages equal to those across the power 
supplies. 

The LM143 can be used as a plug-in replacement in most 
general purpose op amp applications. The circuits present- 
ed in the following section emphasize those applications 
which take advantage of the unique high voltage abilities of 
the LM143. 
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Typical Applications $ (For more detail see AN-1 27) 

130 Vp. p Drive Across a Floating Load 
ci 



± 34V Common-Mode Instrumentation Amplifier 


V + = 38V 



R5 = R7 


*R2 may be adjustable to trim the gain! 

**R7 may be adjusted to compensate for the resistance tolerance of R4-R7 for best CMR. 


$The 38V supplies allow for a 5% voltage tolerance. All resistors are y 2 watt, except as noted. 


TL/H/7783-9 


TL/H/7783-10 
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Typical Applications t (Continued) (For more detail see AN-127) 





LM143/LM343 
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Typical Applications $ (Continued) (For more detail see AN-127) 

1 Amp Power Amplifier with Short Circuit Protection 

V + = +38V 



TL/H/7783-13 

$The 38V supplies allow for a 5% voltage tolerance. All resistors are y 2 watt, except as noted. 


I 


i 
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LM 1 46/LM246/LM346 



N a t ion a l 


Semiconductor 


LM146/LM246/LM346 Programmable Quad 
Operational Amplifiers 


General Description 

The LM146 series of quad op amps consists of four inde- 
pendent, high gain, internally compensated, low power, pro- 
grammable amplifiers. Two external resistors (Rset) allow 
the user to program the gain bandwidth product, slew rate, 
supply current, input bias current, input offset current and 
input noise. For example, the user can trade-off supply cur- 
rent for bandwidth or optimize noise figure for a given 
source resistance. In a similar way, other amplifier charac- 
teristics can be tailored to the application. Except for the 
two programming pins at the end, of the package, the 
LM146 pin-out is the same as the LM124 and LM148. 


Features (Iset-io ^.a) 

■ Programmable electrical characteristics 

■ Battery-powered operation 

■ Low supply current 350 jaA/amplifier 

■ Guaranteed gain bandwidth product 0.8 MHz min 

■ Large DC voltage gain 120 dB 

■ Low noise voltage 28 nV/VHz 

■ Wide power supply range ' ±1.5Vto±22V 

■ Class AB output stage- no crossover distortion 

■ Ideal pin out for Biquad active filters 

■ Input bias currents are temperature compensated 


Connection Diagram (Dual-In-Line Package, Top View) 



TL/H/5654-1 

Order Number LM146J, LM146J/883, 
LM246J, LM346M or LM346N 
See NS Package Number J16A, M16A or N16A 


PROGRAMMING EQUATIONS 

Total Supply Current = 1.4 mA (Iset /10 M-A) 
Gain Bandwidth Product = 1 MHz (Iset /10 f*A) 
Slew Rate = 0.4V/ju.s (Iset^O ju-A) 

Input Bias Current ® 50 nA Oset^O P a ) 

Iset = Current into pin 8, pin 9 (see schematic- 
diagram) 

V + - V~ - 0.6V 


Schematic Diagram 
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Absolute Maximum Ratings (Note d 

If Military/ Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 5) 

LM146 LM246 LM346 

Supply Voltage ±22V ±18V ±18V 

Differential Input Voltage (Note 1 ) ± 30V ± 30V ± 30V 

CM Input Voltage (Note 1) +15V ±15V ±15V 

Power Dissipation (Note 2) 900 mW 500 mW 500 mW 

Output Short-Circuit Duration (Note 3) Continuous Continuous Continuous 

Operating T emperature Range - 55°C to + 1 25°C - 25°C to + 85°C 0°C to + 70°C 

Maximum Junction Temperature 150°C 110°C 100°C 

Storage Temperature Range - 65°C to + 1 50°C - 65°C to + 1 50°C -65°C to + 1 50°C 

Lead Temperature (Soldering, 10 seconds) 260°C 260°C 260°C 

Thermal Resistance (0j A ), (Note 2) 

Cavity DIP (J) Pd 900 mW 900 mW 900 mW 

0 jA 100°C/W 100°C/W 100°C/W 

Small Outline (M) 0 jA 1 1 5°C/W 

Molded DIP (N) Pd 500 mW 

0 jA 90°C/W 

Soldering Information 

Dual-ln-Line Package 

Soldering (10 seconds) + 260°C + 260°C +260°C 

Small Outline Package 

Vapor Phase (60 seconds) +215°C +215°C +215°C 

Infrared (1 5 seconds) + 220°C + 220°C + 220°C 

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface mount 
devices. 

ESD rating is to be determined. 

DC Electrical Characteristics (v s =±i5v,i S et=ioma Note 4) 

Parameter 

Conditions 

LM146 


Units 

Min 

Typ 

Max 




Input Offset Voltage 

Vcm = 0V, R s <; 50ft, T a = 25°C 


0.5 

5 



6 

mV 

Input Offset Current 

Vcm~0V, T a =25°C 


2 

20 


2 

100 

nA 

Input Bias Current 

Vcm = 0V,T a = 25‘C 



100 


50 


nA 

Supply Current (4 Op Amps) 

T a =25°C 



2.0 


1.4 

EX 

mA 

Large Signal Voltage Gain 

R L =10kn, av 0 ut=±iov, 

T a = 25°C 




50 

1000 

■ 

V/mV 

Input CM Range 

T a =25°C 


±14 


±13.5 

±14 


V 

CM Rejection Ratio 

Rs^lOkH, T a =25°C 

80 

100 


70 

100 


dB 

Power Supply Rejection Ratio 

Rs^IO kft, T a = 25°C, 

V s = ±5 to ± 15V 

80 

100 



100 

1 

dB 

Output Voltage Swing 

R L ^10kft,T A = 25°C 

±12 

±14 


±12 



V 

Short-Circuit 

T a = 25°C 

5 

20 

35- 

5 



mA 

Gain Bandwidth Product 

T a = 25°C 

0.8 

1.2 


0.5 



MHz 

Phase Margin 

T a = 25°C 


60 



60 


Deg 

Slew Rate 

T a = 25°C 


0.4 



0.4 


V/jLtS 

Input Noise Voltage 

f=1 kHz, T a =25°C 


28 



28 


nVA/Hz 

Channel Separation 

Rl= 10 Ki i , AVouT = 0V to 
±12 V,T a = 25°C 


120 





dB 

Input Resistance 

T a =25°C 


1.0 





MH 

Input Capacitance 

T a =25°C 


2.0 





PF 

Input Offset Voltage 

Vcm^ov, R s ^5on 


0.5 

6 



mm 

mV 

Input Offset Current 

< 

o 

II 

o 

< 


2 

25 


2 


nA 

Input Bias Current 

V C M = 0V 


50 

100 




nA 

Supply Current (4 Op Amps) 



1.7 



1.7 

mm 

mA 
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LM146/LM246/LM346 


DC Electrical Characteristics (continued) <v s = ± i sv, i SE t= io ua Note 4 ) 


Parameter 

Conditions 

LM146 

LM246/LM346 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Large Signal Voltage Gain 

R L =iokn, av 0 ut= ±iov 

50 

1000 


25 

1000 


V/ mV 

Input CM Range 


±13.5 

±14 


±13.5 

±14 


V 

CM Rejection Ratio 

Rg^50ft 

70 

100 


70 

100 


dB 

Power Supply Rejection Ratio 

R s <^50ft, 

V s = ±5V to ± 15V 

76 

100 


74 

100 


dB 

Output Voltage Swing 

R L 2>10kn 

±12 

±14 


±12 

±14 


V 


DC Electrical Characteristic <v s =±i 5 v, i SE t=i 


Parameter 

Conditions 

LM146 

LM246/LM346 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

Vcm^OV, R s ^50ft, 

T a = 25°C 


0.5 

5 



7 


Input Bias Current 

Vcm = 0V,T a = 25°C 


7.5 

20 


7.5 

100 

nA 

Supply Current (4 Op Amps) 

T a =25°C 


140 

250 


140 

300 

juA 

Gain Bandwidth Product 

T a =25°C 

80 

100 


50 

100 


kHz 


DC Electrical Characteristics (v s = ±i.sv, i SET =io ( ua> 


Parameter 

Conditions 

LM146 

LM246/LM346 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

VcM = 0V, Rs^soa 

T a = 25°C 


0.5 

5 


0.5 

7 

mV 

Input CM Range 

T a =25°C 

±0.7 



±0.7 



V 

CM Rejection Ratio 

R§ ^ 50ft, T A = 25°C 


80 



80 


dB 

Output Voltage Swing 

R L ^ 10 kft, T a =25°C 

±0.6 



±0.6 



V 


Note 1: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by T^ax- 0jA. and the ambient temperature, 
Ta. The maximum available power dissipation at any temperature is Pd = (TjMAX - Ta)/^a or the 25°C PdMAX. whichever is less. 

Note 3: Any of the amplifier outputs can be shorted to ground indefinitely; however, more than one should not be simultaneously shorted as the maximum junction 
temperature will be exceeded. 

Note 4: These specifications apply over the absolute maximum operating temperature range unless otherwise noted. 

Note 5: Refer to RETS146X for LM146J military specifications. 


Typical Performance Characteristics 
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INPUT BIAS CURRENT (nA> OUTPUT VOLTAGE SWING (±V) INPUT OFFSET VOLTAGE (mV) SLEW RATE (V/j*) 
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LM 1 46/LM246/LM346 


Typical Performance Characteristics (Continued) 

Gain Bandwidth Product 


Open Loop Voltage Gain 
vs Temperature 
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Input Noise Voltage vs 
Frequency 



Input Noise Current vs 
Frequency 



Power Supply Rejection 
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Response 



0 100 200 300 
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Response 



TIME U) 


TIME (ns) 


TL/H/5654-5 


Transient Response Test Circuit 



TL/H/5654-6 
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Application Hints 

Avoid reversing the power supply polarity; the device will 
fail. 

Common-Mode Input Voltage: The negative common- 
mode voltage limit is one diode drop above the negative 
supply voltage. Exceeding this limit on either input will result 
in an output phase reversal. The positive common-mode 
limit is typically IV below the positive supply voltage. No 
output phase reversal will occur if this limit is exceeded by 
either input. 

Output Voltage Swing vs Iset : For a desired output volt- 
age swing the value of the minimum load depends on the 
positive and negative output current capability of the op 
amp. The maximum available positive output current, 
Ocl+). of the device increases with Iset whereas the nega- 
tive output current (Icl-) * s independent of Iset- Figure 1 
illustrates the above. 



•set toA) 


TL/H/5654-7 

FIGURE 1. Output Current Limit vs Iset 


Input Capacitance: The input capacitance, Cin, of the 
LM146 is approximately 2 pF; any stray capacitance, Cs, 
(due to external circuit circuit layout) will add to Cin- When 
resistive or active feedback is applied, an additional pole is 
added to the open loop frequency response of the device. 
For instance with resistive feedback {Figure 2 ), this pole 
occurs at y z ir (R1 ||R2) (Cin + Cs). Make sure that this pole 
occurs at least 2 octaves beyond the expected -3 dB fre- 
quency corner of the closed loop gain of the amplifier; if not, 
place a lead capacitor in the feedback such that the time 
constant of this capacitor and the resistance it parallels is 
equal to the R|(Cs + Cin), where R| is the input resistance 
of the circuit. 



TL/H/5654-9 


Temperature Effect on the GBW: The GBW (gain band- 
width product), of the LM146 is directly proportional to Iset 
and inversely proportional to the absolute temperature. 
When using resistors to set the bias current, Iset. of the 
device, the GBW product will decrease with increasing tem- 
perature. Compensation can be provided by creating an 
Iset current directly proportional to temperature (see typical 
applications). 


Isolation Between Amplifiers: The LM146 die is isother- 
mally layed out such that crosstalk between all 4 amplifiers 
is in excess of -105 dB (DC). Optimum isolation (better 
than -110 dB) occurs between amplifiers A and D, B and 
C; that is, if amplifier A dissipates power on its output stage, 
amplifier D is the one which will be affected the least, and 
vice versa. Same argument holds for amplifiers B and C. 
LM146 Typical Performance Summary: The LM146 typi- 
cal behaviour is shown in Figure 3. The device is fully pre- 
dictable. As the set current, Iset. increases, the speed, the 
bias current, and the supply current increase while the noise 
power decreases proportionally and the Vqs remains con- 
stant. The usable GBW range of the op amp is 10 kHz to 
3.5-4 MHz. 



TL/H/5654-8 


FIGURE 3. LM146 Typical Characteristics 


Low Power Supply Operation: The quad op amp operates 
down to ± 1 .3 V supply. Also, since the internal circuitry is 
biased through programmable current sources, no degrada- 
tion of the device speed will occur. 

Speed vs Power Consumption: LM146 vs LM4250 (single 
programmable). Through Figure 4, we observe that the 
LM146’s power consumption has been optimized for GBW 
products above 200 kHz, whereas the LM4250 will reach a 
GBW of no more than 300 kHz. For GBW products below 
200 kHz, the LM4250 will consume less power. 



TL/H/5654-10 

FIGURE 4. LM146 vs LM4250 
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Typical Applications 

Dual Supply or Negative Supply Biasing 



1V-1-0.6V 


Single (Positive) Supply Biasing 



Current Source Biasing 
with Temperature Compensation 


Biasing all 4 Amplifiers 
with Single Current Source 



67.7 mV 

■SET = — 

r set 

• The LM334 provides an Iset directly proportional to 
absolute temperature. This cancels the slight GBW product 
Temperature coefficient of the LM346. 



jSETI _ R 2 
l S ET2 R1’ 


ISET1+ISET2 = 


67.7 mV 
r set 


• For ISET1 — >SET2 resistors R1 and R2 are not required 
if a slight error between the 2 set currents can be tolerated. 
If not, then use R1 = R2 to create a 100 mV drop across 
these resistors. 


1-242 








Active Filters Applications 


Basic (Non-Inverting “State Variable”) Active Filter Building Block 

100k 



• The LM146 quad programmable op amp is especially suited for active filters because of their adequate GBW product 
and low power consumption. 

Circuit synthesis equations (for circuit analysis equations, consult with the LM148 data sheet). 

Need to know desired: f 0 = center frequency measured at the BP output 
Q 0 = quality factor measured at the BP output 
H 0 = gain at the output of interest (BP or HP or LP or all of them) 

• Relation between different gains: H 0 (bp) = 0.316 x Q 0 x H 0 (lp); H 0 ([_p) = 10 x H 0 (hp) 


„ ^ 5.033 X 10-2 

• R X C 7 (sec) 


fo 


* For BP output: Rq 


= ( M 


105 


' H o(BP) _ 


/ 3.478 Q 0 \ 
.. H 9 ( B P) R|k1 = \ , H o ( B P) i 

Q oJ 


105 X 3.748 X 


; Rin = 


— + 10-5 
RQ 


• For HP ouput: Rq = 


1.1 X 105 


■; Rin = 


h o(HP) 


3.478 Q 0 (1 .1 - H o(HP) ) - H o( hp)’ J_ + 10 - 5 
RQ 


Note. All resistor values are given in ohms. 


• For LP output: Rq = 


3.478 Q 0 (11— H 0(LP) )-H 0(LP) ’ 


Rin = 


M o(LR 


RQ 


+ 10-5 


• For BR (notch) output: Use the 4th amplifier of the LM146 to sum the LP and HP outputs of the basic filter. 



• Where to use amplifier C: Examine the above gain relations and determine the dynamics of the filter. Do not allow slew rate limiting in any output (Vhp, Vbp, 

V LP ), that is: 


v IN(p©ak) <63.66 X 103 X JSiL X (Volts) 

If necessary, use amplifier C, biased at higher Iset. where you get the largest output swing. 


Deviation from Theoretical Predictions: Due to the finite GBW products of the op amps the f 0 , Q 0 will be slightly different from the theoretical predictions. 


freal 


“ Qrea I £ 


Qo 

3.2 f 0 X Q 0 
GBW 
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Active Filters Applications (Continued) 

Capacitorless Active Filters (Basic Circuit) 



TL/H/5654-16 

• This is a BP, LP, BR filter. The filter characteristics are created by using the tunable frequency response of the LM346. 

63.66 X 1Q3 Iset(hA) (V) 
f 0 IOjuA 

/b c 

R( + R10 > f o(BP) = f ii h o(BP) = a x c, H 0(LP ) = -, q 0 = Va x b 


• Limitations: Q 0 < 10, f 0 x Q 0 < 1.5 MHz, output voltage should not exceed Vpeak(out) £ 
R2 R3 R7 RIO 


_ . R6 + R5 

» Design equations: a = — — — , b = 


R6 


R1 + R2’ 


' R3 + R4’ R8 + R7’ 


to(BR) = to(BP), ( 1 “ - to(BP) (C< < 1) provided that d = H 0 ( B p) x e, H 0 (B r) = 

• Advantage: f 0 Q 0 , H 0 can be independently adjusted: that is, the filter is extremely easy to tune. 

• Tuning procedure (ex. BP tuning) 

1. Pick up a convenient value for b; (b < 1) 

2. Adjust Q 0 through R5 

3. Adjust H 0 ( B p) through R4 

4. Adjust f 0 through Rset- This adjusts the unity gain frequency (f u ) of the op amp. 

A 4th Order Butterworth Low Pass Capacitorless Filter 



Ex: f c = 20 kHz, H 0 (gain of the filter) = 1, Q 0 i = 0.541, Q o2 = 1.306. 

• Since for this filter the GBW product of all 4 amplifiers has been designed to be the same (~ 1 MHz) only one current source can be used to bias the circuit. Fine 
tuning can be further accomplished through Rt,. 


1 
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Miscellaneous Applications 


A Unity Gain Follower 
with Bias Current Reduction 

Circuit Shutdown 




I SET | | SET 9 

LM346 I 









Miscellaneous Applications (Continued) 

X10 Micropower Instrumentation Amplifier with Buffered Input Guarding 
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National Semiconductor 


LM148/LM149 Series Quad 741 Op Amp 

LM 1 48/LM248/LM348 Quad 741 Op Amps 
LM149/LM349 Wide Band Decompensated (Av(min) = 5) 

General Description 

The LM148 series is a true quad 741. It consists of four 
independent, high gain, internally compensated, low power 
operational amplifiers which have been designed to provide 
functional characteristics identical to those of the familiar 
741 operational amplifier. In addition the total supply current 
for all four amplifiers is comparable to the supply current of 
a single 741 type op amp. Other features include input off- 
set currents and input bias current which are much less than 
those of a standard 741. Also, excellent isolation between 
amplifiers has been achieved by independently biasing each 
amplifier and using layout techniques which minimize ther- 
mal coupling. The LM149 series has the same features as 
the LM148 plus a gain bandwidth product of 4 MHz at a gain 
of 5 or greater. 

The LM148 can be used anywhere multiple 741 or 1558 
type amplifiers are being used and in applications* where 
amplifier matching or high packing density is required. 


Features 

■ 741 op amp operating characteristics 

■ Low supply current drain 0.6 mA/ Amplifier 

■ Class AB output stage— no crossover distortion 

■ Pin compatible with the LM124 

■ Low input offset voltage 1 mV 

■ Low input offset current 4 nA 

■ Low input bias current 30 nA 

■ Gain bandwidth product 

LM1 48 (unity gain) 1.0 MHz 

LM149 (A v ^ 5) 4 MHz 

■ High degree of isolation between amplifiers 120 dB 

■ Overload protection for inputs and outputs 



Schematic Diagram 



TL/H/7786-1 
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Absolute Maximum Ratings 


If Military/ Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 4) 



LM148/LM149 

LM248 

LM348/LM349 

Supply Voltage 

±22 V 

± 18V 

± 18V 

Differential Input Voltage 

±44V 

±36V 

±36V 

Output Short Circuit Duration (Note 1 ) 

Continuous 

Continuous 

Continuous 


Power Dissipation (P d at 25°C) and 
Thermal Resistance (0j A ), (Note 2) 


Molded DIP (N) P d 

— 

— 

750 mW 

0jA 

— 

— 

100°C/W 

Cavity DIP (J) P d 

1100 mW 

800 mW 

700 mW 

0 JA 

110°C/W 

110°C/W 

110°C/W 

Maximum Junction Temperature (Tjmax) 

150°C 

110°C 

100°C 

Operating Temperature Range 

— 55°C <; T a £ + 1 25°C 

— 25°C ^ T A ^ +85°C 

0°C <; T a £ + 70°C 

Storage Temperature Range 

— 65°C to + 1 50°C 

— 65°C to + 1 50°C 

— 65°Cto + 1 50°C 

Lead Temperature (Soldering, 10 sec.) Ceramic 
Lead Temperature (Soldering, 10 sec.) Plastic 

300°C 

300°C 

300°C 

260°C 

Soldering Information 

Dual-ln-Line Package 

Soldering (1 0 seconds) 

260°C 

260°C 

260°C 

Small Outline Package 

Vapor Phase (60 seconds) 

215°C 

215°C 

215°C 

Infrared (15 seconds) 

220°C 

220°C 

220°C 

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability’’ 

’ for other methods of soldering surface mount 

devices. 

ESD tolerance (Note 5) 

500V 

500V 

500V 


Electrical Characteristics (Note 3) 


Parameter 

Conditions 

| LM1 48/LM 149 

| LM248 




Typ 




(J223 







Input Offset Voltage 

T a = 25°C, R s <; 10 kn 


1.0 




HH 



6.0 

mV 

Input Offset Current 

Ta = 25°C 


4 

ra 


| 4 

El 


4 


nA 

Input Bias Current 

T A = 25°C 



IBlil 


WBSM 

E 


30 

E 

nA 

Input Resistance 

T a = 25°C 

0.8 

1 2.5 


liH 

mi 


El 



MH 

Supply Current All Amplifiers 

T a = 25°C, V s = ±15V 


i m 



mm 

m 



■a 

mA 

Large Signal Voltage Gain 

T a = 25°C,V S = ± 15V 
VoUT= ± 10V, R(_ ^ 2 kn 

50 




160 


25 


■ 

V/mV 

Amplifier to Amplifier 

T a = 25°C, f = 1 Hz to 20 kHz 







■ 




Coupling 

(Input Referred) See Crosstalk 
Test Circuit 


-120 



-120 


■ 



dB 

Small Signal Bandwidth 

LM148 Series 


1.0 



1.0 


■ 



MHz 


T a = 25°C 







■ 





LM149 Series 


4.0 



4.0 


■ 



MHz 

Phase Margin 

LM148 Series (Av = 1) 

T a = 25°C 


60 



60 


■ 



degrees 


LM149 Series (Ay = 5) 


60 



60 


■ 



degrees 

Slew Rate 

LM148 Series (Ay = 1) 

T a = 25°C 


0.5 




■ 

■ 



V/jus 


LM149 Series (Ay = 5) 


2.0 





■ 



V/jLlS 

Output Short Circuit Current 

T a = 25°C 


25 






25 


mA 

Input Offset Voltage 

R s ^ lOkft 



mi 



m 



m 

mV 

Input Offset Current 




75 



125 



100 

nA 

Input Bias Current 




325 



500 



400 

nA 
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Electrical Characteristics (Note g> (continued) 


Parameter 

Conditions 


LM248 


Units 

Min | 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 




Large Signal Voltage Gain 







■ 




V/mV 

Output Voltage Swing 


±12 

±13 





±12 

±13 


mm 



±10 

±12 





±10 

±12 


■9 

Input Voltage Range 

V s = ± 15V 







iBSEI 



V 

Common-Mode Rejection 

Ratio 

Rg ^10 kfl 

70 

90 





70 

90 


dB 

Supply Voltage Rejection 

R s <M0kft, ±5V£V S ^ ± 15V 

77 

96 


77 

96 


77 

96 


dB 


Note 1: Any of the amplifier outputs can be shorted to ground indefinitely; however, more than one should not be simultaneously shorted as the maximum junction 
temperature will be exceeded. 

Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dicated by Tjmax- 0jA> and the ambient temperature, 
Ta- The maximum available power dissipation at any temperature is Pd = (Tjmax “ Ta)/0ja or the 25°C PdMAX. whichever is less. 

Note 3: These specifications apply for V§ = ±15V and over the absolute maximum operating temperature range (T|_ £ Ta ^ Th) unless otherwise noted. 
Note 4: Refer to RETS 148X for LM148 military specifications and refer to RETS 149X for LM149 military specifications. 

Note 5: Human body model, 1.5 kfl in series with 100 pF. 


Cross Talk Test Circuit 



Application Hints 

The LM148 series are quad low power 741 op amps. In the 
proliferation of quad op amps, these are the first to offer the 
convenience of familiar, easy to use operating characteris- 
tics of the 741 op amp. In those applications where 741 op 
amps have been employed, the LM148 series op amps can 
be employed directly with no change in circuit performance. 
The LM149 series has the same characteristics as the 
LM148 except it has been decompensated to provide a 
wider bandwidth. As a result the part requires a minimum 
gain of 5. 

The package pin-outs are such that the inverting input of 
each amplifier is adjacent to its output. In addition, the am- 
plifier outputs are located in the corners of the package 
which simplifies PC board layout and minimizes package 
related capacitive coupling between amplifiers. 

The input characteristics of these amplifiers allow differen- 
tial input voltages which can exceed the supply voltages. In 
addition, if either of the input voltages is within the operating 
common-mode range, the phase of the output remains cor- 
rect. If the negative limit of the operating common-mode 
range is exceeded at both inputs, the output voltage will be 
positive. For input voltages which greatly exceed the maxi- 
mum supply voltages, either differentially or common-mode, 
resistors should be placed in series with the inputs to limit 
the current. 

Like the LM741 , these amplifiers can easily drive a 1 00 pF 
capacitive load throughout the entire dynamic output volt- 
age and current range. However, if very large capacitive 
loads must be driven by a non-inverting unity gain amplifier, 



V s = ±15V 


a resistor should be placed between the output (and feed- 
back connection) and the capacitance to reduce the phase 
shift resulting from the capacitive loading. 

The output current of each amplifier in the package is limit- 
ed. Short circuits from an output to either ground or the 
power supplies will not destroy the unit. However, if multiple 
output shorts occur simultaneously, the time duration should 
be short to prevent the unit from being destroyed as a result 
of excessive power dissipation in the 1C chip. 

As with most amplifiers, care should be taken lead dress, 
component placement and supply decoupling in order to 
ensure stability. For example, resistors from the output to an 
input should be placed with the body close to the input to 
minimize “pickup” and maximize the frequency of the feed- 
back pole which capacitance from the input to ground cre- 
ates. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately six 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 
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Typical Performance Characteristics 


Supply Current 



Input Bias Current 



-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE ( C) 


Voltage Swing 



0 5 10 15 20 25 

SUPPLY VOLTAGE <*V> 


Positive Current Limit 



0 5 10 15 20 25 30 

OUTPUT SOURCE CURRENT <mA) 


Negative Current Limit 



0 5 10 15 20 25 30 

OUTPUT SINK CURRENT (mA) 


Common-Mode Rejection 
Ratio 



10 100 Ik 10k 100 1M 10M 


FREQUENCY (Hz) 


Open Loop Frequency 
Response 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Bode Plot LM149 


Large Signal Pulse 
Response (LM148) 





Large Signal Pulse 
Response (LM149) 



TL/H/7786-3 
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Typical Performance Characteristics (Continued) 


Small Signal Pulse 
Response (LM148) 



TIME 0*) 


Small Signal Pulse 
Response (LM 149) 





*0 




= s' 

= t15V 


( 





i 

Vs 


1 





\ 

t a 




I 





\ 










V 

u. 



■r 









J. 




V 

N 







z 





z 

























0 1 2 3 4 5 

TIME <^s> 


Undistorted Output 
Voltage Swing 



FREQUENCY (Hz) 



-SS -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°CI 


1 

> 

I 

s 



-55 -35 -15 5 25 45 65 85 105 125 


TEMPERATURE (°C) 


Inverting Large Signal Pulse 
Response (LM149) 



TIME (ms) 


Inverting Large Signal Pulse 
Response (LM148) 



Input Noise Voltage and 
Noise Current 




FREQUENCY (Hz) 


Negative Common-Mode Input 
Voltage Limit 



-5 -10 -15 -20 


Positive Common-Mode 
Input Voltage Limit 



5 10 15 20 

POSITIVE SUPPLY VOLTAGE (V) 

TL/H/7786-4 


NEGATIVE SUPPLY VOLTS (V) 


TL/H/7786-5 
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Typical Applications — LM148 


One Decade Low Distortion Sinewave Generator 

R3 



R1 = 100k pot. Cl = 0.0047 jaF, C2 = 0.01 jaF, C3 - 0.1 j*F, R2 = R6 = R7 = 1M, 

R3 = 5.1k, R4 = 12ft, R5 = 240ft, Q = NS5102, D1 = 1N914, D2 = 3.6V avalanche 
diode (ex. LM103), V s = ±15V 

A simpler version with some distortion degradation at high frequencies can be made by using A1 as a 
simple inverting amplifier, and by putting back to back zeners in the feedback loop of A3. 


Low Cost Instrumentation Amplifier 



V s = ±15V 

R = R2, trim R2 to boost CMRR 


TL/H/7786- 


TL/H/7786-8 


1 
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Typical Applications — LM148 (Continued) 

Low Drift Peak Detector with Bias Current Compensation 

20k 



Universal State-Variable Filter 


R5 

100k 



N|HP(s) = S 2 Hqhp. N B P(s) = — N|_p = w 0 2 HqlP- 


= _L K 

0 2n\ R5 


.tl-RlCi. O 


_ / I + R4|R3 + R4|R0 \ /RSM 1 /* 
V 1 + R6|R5 / VR5t 2 / 


f NOTCH = 


Hqlp = 


i ( r h y/» 

2tt VRLti 1 2 / 

1 + R5|R6 
1 + R3|R0 + R3|R4 


Hqhp = 


1 + R6lR5 
1 + R3|R0 + R3]R4 


Hqbp = 


1 + R4[R3 + R4|R0 
1 + R3|R0 + R3|R4 
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Typical Applications — LM148 (Continued) 

A 1 kHz 4 Pole Butterworth 



Use general equations, and tune each section separately 
QlstSECTION = 0.541, Q2ndSECTION = 1-306 
The response should have 0 dB peaking 

A 3 Amplifier Bi-Quad Notch Filter 



1 R1 

Necessary condition for notch: — = — — 

R6 R4R7 

Ex: f NOTCH = 3 kHz, Q = 5, R1 = 270k, R2 = R3 = 20k, R4 = 27k, R5 = 20k, R6 = R8 = 10k, R7 = 100k, Cl = C2 = 0.001 p,F 
Better noise performance than the state-space approach. 
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Typical Applications — LM148 (Continued) 


A 4th Order 1 kHz Elliptic Filter (4 Poles, 4 Zeros) 



TL/H/7786-14 


f c = 1 kHz, f s = 2 kHz, f p = 0.543, f z = 2.14, Q = 0.841, V P = 0.987, f' z = 4.92, Q' = 4.403, normalized to ripple BW 

f-lSylf-lEv 1 n - /l+R4|R3_fR4|R0\ /R6 /fV6 1 + R'4|R'0 

fp 2 ttVR 5 t’ f2 27 tVRl t’° \ 1+R6|R5 / V R5’ Q V R5 1 + R'6|R'5 + R'6|R P 


Rp == 


Rh^l 
Rh + Rl 


Use the BP outputs to tune Q, Q', tune the 2 sections separately 


R1 = R2 = 92.6k, R3 = R4 = R5 = 100k, R6 = 10k, R0 = 107.8k, R L = 100k, R H = 155.1k, 

R'l = R'2 = 50.9k, R'4 = R'5 = 100k, R'6 = 10k, R'0 = 5.78k, R' L = 100k, R' H = 248.12k, R'f = 100k. All capacitors are 0.001 jliF. 


Lowpass Response 



100 Ik 10k 100k 


FREQUENCY (Hz) 


TL/H/7786-15 
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Typical Applications — LM149 


Minimum Gain to Insure LM149 Stability 



V 0 « ±5 V 0S 

V|N = 0 

Power BW - 40 kHz 
Small Signal BW = G BW/5 


The LM149 as a Unity Gain Inverter 



Vo 


s ±5 Vqs 


V| N = o 


Small Signal BW = G BW/5 


Non-inverting-lntegrator Bandpass Filter 

R 



For stability purposes: R7 
1 /R5 1 

0 2ir v R6 X RC 


R6/4, 10R6 = R5, C c = 10C 
fR5 




Ho B p = ^ 
R|N 


fO(MAX). ©MAX = 20 kHz, 10 

Better Q sensitivity with respect to open loop gain variations than the state variable filter. 
R7, Cc added for compensation 


TL/H/7786-18 
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Typical Applications — LM149 (Continued) 


Active Tone Control with Full Output Swing (No Slew Limiting at 20 kHz) 


».o — | 


— i- 


1/4 LM149 


_L 



Vs = i 15V, VquT(MAX) = 9.1 Vrms. 
f MA x = 20 kHz, THD <; 1% 

Duplicate the above circuit for stereo 

fL = 2 ttR 2C1 ’ fLB = 2 ttR1C1 


n 2 ttR 5C3 ’ nD 2 tt(R 1 + 2R7) C3 
Max Bass Gain = (R1 + R2)/R1 
Max Treble Gain = (R1 + 2R7)/R5 
as shown: fL ~ 32 Hz, fLB — 320 Hz 
f H — 1 1 kHz, fnB — 1.1 Hz 

Triangular Squarewave Generator 





_n_n_ 


* - .w ' K - R2/R-2, ~r s 25V, V+ - V“, V s - ±15V 


Use LM125 for ±15V supply 

The circuit can be used as a low frequency V/F for process control. 
Q1, Q3: KE4393, Q2, Q4: P1087E, D1-D4 = 1N914 
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Connection Diagram 


Dual-ln-Line Package 



Order Number LM148J, LM148J/883, LM149J, LM149J/883, LM248J, LM348J, LM348M, LM348N or LM349N 
See NS Package Number J14A, M14A or N14A 
LM148J is available per JM38510/1 1001 
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LM 1 58/LM258/LM358/LM2904 
Low Power Dual Operational Amplifiers 


General Description 

The LM158 series consists of two independent, high gain, 
internally frequency compensated operational amplifiers 
which were designed specifically to operate from a single 
power supply over a wide range of voltages. Operation from 
split power supplies is also possible and the low power sup- 
ply current drain is independent of the magnitude of the 
power supply voltage. 

Application areas include transducer amplifiers, dc gain 
blocks and all the conventional op amp circuits which now 
can be more easily implemented in single power supply sys- 
tems. For example, the LM158 series can be directly operat- 
ed off of the standard + 5V power supply voltage which is 
used in digital systems and will easily provide the required 
interface electronics without requiring the additional ± 1 5V 
power supplies. 

Unique Characteristics 

■ In the linear mode the input common-mode voltage 
range includes ground and the output voltage can also 
swing to ground, even though operated from only a sin- 
gle power supply voltage. 

■ The unity gain cross frequency is temperature 
compensated. 

■ The input bias current is also temperature 
compensated. 


Advantages 

■ Two internally compensated op amps in a single 
package 

■ Eliminates need for dual supplies 

■ Allows directly sensing near GND and Vout also goes 
to GND 

■ Compatible with all forms of logic 

■ Power drain suitable for battery operation 

■ Pin-out same as LM 1 558/ LM 1458 dual operational 
amplifier 

Features 

■ Internally frequency compensated for unity gain 

■ Large dc voltage gain 1 00 dB 

■ Wide bandwidth (unity gain) 1 MHz 

(temperature compensated) 

■ Wide power supply range: 

Single supply 3V to 32V 

or dual supplies ±1.5V to ±16V 

■ Very low supply current drain (500 juA) — essentially in- 
dependent of supply voltage 

■ Low input offset voltage 2 mV 

■ Input common-mode voltage range includes ground 

■ Differential input voltage range equal to the power sup- 
ply voltage 

■ Large output voltage swing 0V to V+ - 1.5V 


Connection Diagrams (Top Views) 


Metal Can Package 


OUTPUT B 



NONINVERTING 
INPUT A 


NONINVERTING 
INPUT B 


TL/H/7787-1 


Order Number LM158AH, LM158AH/883*, 
LM158H, LM158H/883*, LM258H or LM358H 
See NS Package Number H08C 


DIP/SO Package 



TL/H/7787-2 

Order Number LM158J, LM158J/883*, 

LM158AJ or LM158AJ/883* 

See NS Package Number J08A 
Order Number LM358M, LM358AM or LM2904M 
See NS Package Number M08A 
Order Number LM358AN, LM358N or LM2904N 
See NS Package Number N08E 


*LM158 is available per SMD #5962-8771001 
LM158A is available per SMD #5962-8771002 
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Absolute Maximum Ratings 

If Military /Aerospace specified devices are required, please contact the National Semiconductor Sales Office/Distributors for availability and specifications. 


(Note 9) 

LM 1 58/LM258/LM358 

LM2904 


LM 1 58/LM258/LM358 

LM2904 

LM 1 58A/LM258A/LM358A 


LM 1 58 A/ LM258 A/LM358 A 

Supply Voltage, V+ * 

32V 

26V 

Operating Temperature Range 



Differential Input Voltage 

32V 

26V 

LM358 

0°Cto +70°C 

— 40°C to +85°C 

Input Voltage 

- 0.3 V to + 32 V 

-0.3V to +26V 

LM258 

LM158 

— 25°Cto+85°C 
— 55°C to + 1 25°C 


Power Dissipation (Note 1) 
Molded DIP 

830 mW 

830 mW 

Storage Temperature Range 

— 65°C to + 1 50°C 

-65°C to + 1 50°C 

Metal Can 

550 mW 


Lead Temperature, DIP 



Small Outline Package (M) 

530 mW 

530 mW 

(Soldering, 10 seconds) 

260°C 

260°C 

Output Short-Circuit to GND 



Lead Temperature, Metal Can 



(One Amplifier) (Note 2) 



(Soldering, 10 seconds) 

300°C 

300°C 

V+ <; 15VandT A - 25°C 

Continuous 

Continuous 

Soldering Information 



Input Current (Vjn < -0.3V) 



Dual-In-Line Package 



(Note 3) 

50 mA 

50 mA 

Soldering (1 0 seconds) 
Small Outline Package 

260°C 

260°C 




Vapor Phase (60 seconds) 

215°C 

215°C 




Infrared (15 seconds) 

220°C 

220°C 


See AN-450 “Surface Mounting Methods and Their Effect on Product 
Reliability” for other methods of soldering surface mount devices. 

ESD Tolerance (Note 10) 250V 250V 


Electrical Characteristics V+ = + 5.0V, unless otherwise stated 


Parameter 

Conditions 

LM158A 

LM358A 

LM158/LM258 

LM358 

LM2904 

Units 

Min Typ 

Max 

Min Typ 

Max 

Min Typ 

Max 

Min Typ 

Max 

Min Typ 

Max 




Input Offset Voltage 

(Note 5), T a = 25°C 

1 

2 

2 

3 

2 

5 

2 

7 

2 

7 

mV 

Input Bias Current 

•lN( + ) or l|N(-)» T A = 25°C, 

Vcm = 0V, (Note 6) 

20 

50 

45 

100 

45 

150 

45 

250 

45 

250 

nA 

Input Offset Current 

l|N(+) - l|N(-)» Vcm = 0V, T A = 25°C 

2 

10 

5 

30 

3 

30 

5 

50 

5 

50 

nA 

Input Common-Mode 
Voltage Range 

V+ = 30V, (Note 7) 

(LM2904, V+ = 26V), T a = 25°C 

0 

V+-1.5 

0 

V+-1.5 

0 

V+-1.5 

0 

V+-1.5 

0 

V* —1.5 

V 

Supply Current 

Over Full Temperature Range 
r l = o° on All Op Amps 

V+ = 30 V (LM2904 V+ = 26 V) 

1 

2 

1 

2 

t 

2 

1 

2 

1 

2 

mA 


V+ = 5 V 

0.5 

1.2 

0.5 

1.2 

0.5 

1.2 

0.5 

1.2 

0.5 

1.2 

mA 
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Electrical Characteristics (Continued) V+ = + 5.0V, Note 4, unless otherwise stated 


Parameter 

Conditions 

LM158A 

LM358A 

LM158/LM258 

LM358 

LM2904 

Units 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Large Signal Voltage 

Gain 

V+ = 15V, T a = 25°C, 

R l ^ 2ka, (ForV 0 = IV 
to 11V) 

50 100 

25 100 

50 100 

25 100 

25 100 

V/mV 

Common-Mode 

Rejection Ratio 

T a = 25°C, 

V C m = OV to V+ —1.5V 

70 85 

65 85 

70 85 

65 85 

50 70 

dB 

Power Supply 

Rejection Ratio 

V+ = 5V to 30V 
(LM2904, V+ = 5V 
to 26V), T a = 25°C 

65 100 

65 100 

65 100 

65 100 

50 100 

dB 

Amplifier-to-Amplifier 

Coupling 

f = 1 kHz to 20 kHz, T A = 25°C 
(Input Referred), (Note 8) 

-120 

-120 

-120 

-120 

-120 

dB 

Output Current 

Source 

V, N + = IV, 
v, N - = OV, 

V+ = 15V, 

V 0 = 2V, T a = 25°C 

20 40 

20 40 

20 40 

20 40 

20 40 

mA 

Sink 

V, N “ = 1V,V| N + = OV 

V+ = 15V, T A = 25°C, 

V 0 = 2V 

10 20 

10 20 

10 20 

10 20 

10 20 

mA 

V| N ~ = IV, 

V| N + = OV 

T a = 25°C, V 0 = 200 mV, 

V+ = 15V 

12 50 

12 50 

12 50 

12 50 

12 50 

/xA 

Short Circuit to Ground 

T a = 25°C, (Note 2), 

V+ = 15V 

40 60 

40 60 

40 60 

40 60 

40 60 

mA 

Input Offset Voltage 

(Note 5) 

4 

5 

7 

9 

10 

mV 

Input Offset Voltage 

Drift 

Rg = Ofl 

7 15 

7 20 

7 

7 

7 

fiV/° C 

Input Offset Current 

•lN( + ) ~ l|N(-) 

30 

75 

100 

150 

45 200 

nA 

Input Offset Current 

Drift 

Rg = Ofl 

10 200 

10 300 

10 

10 

10 

pA/°C 

Input Bias Current 

l|N(+)Orl|N(-) 

40 100 

40 200 

40 300 

40 500 

40 500 

nA 


M63WI/8SC W1/8S2 IN1/8S l W1 
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Electrical Characteristics (Continued) V+ = + 5.0V, Note 4, unless otherwise stated 


Parameter 

Conditions 

LM158A 

LM358A 

LM158/LM258 

LM358 

LM2904 

Units 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Input Common-Mode 
Voltage Range 

V+ = 30 V, (Note 7) 

(LM2904.V+ = 26V) 

0 V+-2 

0 V+-2 

0 V+-2 

0 V+-2 

0 V+ -2 

V 

Large Signal Voltage 

Gain 

V+ = + 15V 
(V 0 = IV to 11V) 

R L ^ 2 k a 

25 

15 

25 

15 

15 

V/mV 

Output 

Voltage 

Swing 

Voh 

V+ = +30V 
(LM2904, V+ = 26V) 

R L = 2 ka 

26 

26 

26 

26 

22 

V 

V 

r l = io ka 

27 28 

27 28 

27 28 

27 28 

23 24 

V 0 L 

V+ = 5V,R L = 10 ka 

5 20 

5 20 

5 20 

5 20 

5 100 

mV 

Output Current 

Source 

V| N + = + 1V, V| N - = ov, 

V+ = 15V, V 0 = 2V 

10 20 

10 20 

10 20 

10 20 

10 20 

mA 

mA 

Sink 

V| N - - +1V,V| N + = 0V, 

V+ = 15V, Vq = 2 V 

10 15 

5 8 

5 8 

5 8 

5 8 


Note 1: For operating at high temperatures, the LM358/LM358A, LM2904 must be derated based on a + 1 25°C maximum junction temperature and a thermal resistance of 1 20°C/W which applies for the device soldered in a printed 
circuit board, operating in a still air ambient. The LM258/LM258A and LM158/LM158A can be derated based on a + 1 50°C maximum junction temperature. The dissipation is the total of both amplifiers— use external resistors, where 
possible, to allow the amplifier to saturate or to reduce the power which is dissipated in the integrated circuit. 

Note 2: Short circuits from the output to V+ can cause excessive heating and eventual destruction. When considering short cirucits to ground, the maximum output current is approximately 40 mA independent of the magnitude of 
V+. At values of supply voltage in excess of + 15V, continuous short-circuits can exceed the power dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on all amplifiers. 
Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP transistors becoming forward biased and thereby acting as input diode 
clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the 1C chip. This transistor action can cause the output voltages of the op amps to go to the V+ voltage level (or to ground for a large 
overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns to a value greater than -0.3V (at 25°C). 
Note 4: These specifications are limited to -55°C ^ Ta ^ +125°C for the LM158/LM158A. With the LM258/LM258A, all temperature specifications are limited to -25°C ^ Ta ^ + 85°C, the LM358/LM358A temperature 
specifications are limited to 0°C ^ Ta ^ +70°C, and the LM2904 specifications are limited to -40°C ^ Ta ^ +85°C. 

Note 5: Vq — 1.4V, Rs = Oft with V+ from 5V to 30V; and over the full input common-mode range (0V to V+ -1.5V) at 25°C. For LM2904, V+ from 5V to 26V. 

Note 6: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, independent of the state of the output so no loading change exists on the input lines. 

Note 7: The input common-mode voltage of either input signal voltage should not be allowed to go negative by more than 0.3V (at 25°C). The upper end of the common-mode voltage range is V+ - 1 .5V (at 25°C), but either or both 
inputs can go to +32V without damage (+ 26V for LM2904), independent of the magnitude of V+. 

Note 8: Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This typically can be detected as this type of capacitance increases at higher frequencies. 
Note 9: Refer to RETS158AX for LM158A military specifications and to RETS158X for LM158 military specifications. 

Note 10: Human body model, 1.5 kft in series with 100 pF. 



V A - OUTPUT VOLTAGE V, N - INPUT V 0 - OUTPUT 

REFERENCED TO V 4 (V^) VOLTAGE (V) VOLTAGE (V) A VOL “ VOLTAGE GAIN (dB) ±V, N - INPUT VOLTAGE (iV^ 


Typical Performance Characteristics 


Input Voltage Range 



O 5 10 15 

V 4 OR V" POWER SUPPLY VOLTAGE (tV^) 


1 

3 

ac 

3 


Input Current 



T a - TEMPERATURE (°C) 


_P 


Supply Current 


1 t\ 




, -?■*! 




_LfU- 

— 











~ 1 1 

— T A = 0°C TO +1 

I25°C 







-55°C 
1 
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V 4 - SUPPLY VOLTAGE (V^) 
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V 4 - SUPPLY VOLTAGE (V^) 


Voltage Follower Pulse 
Response 






m 




Vi 




U 

as 
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t - TIME 0*s) 


Output Characteristics 
Current Sourcing 



0.001 0.01 0.1 1 10 100 


l 0 4 - OUTPUT SOURCE CURRENT (mA^ 


Open Loop Frequency 
Response 



1.0 10 100 1.0k 10k 100k 1.0M 10M 
f - FREQUENCY (Hz) 


Voltage Follower Pulse 
Response (Small Signal) 



0 12345678 

t - TIME (ms) 


Output Characteristics 
Current Sinking 



Common-Mode 



Large Signal Frequency 
Response 



Ik 10k 100k 1M 

f - FREQUENCY (Hz) 



-55 -35 -15 5 25 45 65 85 105 125 
T A - TEMPERATURE (°C) 


IS) 

cn 

oo 


oo 

cn 

00 


ro 

<0 
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Typical Performance Characteristics (continued) (LM2902 only) 



Input Current 



0 10 20 30 

V + - SUPPLY VOLTAGE (Vqc) 



0 10 20 30 

V + - SUPPLY VOLTAGE (V oc ) 


TL/H/7787-5 


Application Hints 

The LM158 series are op amps which operate with only a 
single power supply voltage, have true-differential inputs, 
and remain in the linear mode with an input common-mode 
voltage of 0 Vdc- These amplifiers operate over a wide 
range of power supply voltage with little change in perform- 
ance characteristics. At 25°C amplifier operation is possible 
down to a minimum supply voltage of 2.3 Vdc- 
Precautions should be taken to insure that the power supply 
for the integrated circuit never becomes reversed in polarity 
or that the unit is not inadvertently installed backwards in a 
test socket as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

Large differential input voltages can be easily accomodated 
and, as input differential voltage protection diodes are not 
needed, no large input currents result from large differential 
input voltages. The differential input voltage may be larger 
than V+ without damaging the device. Protection should be 
provided to prevent the input voltages from going negative 
more than -0.3 Vdc (at 25°C). An input clamp diode with a 
resistor to the 1C input terminal can be used. 

To reduce the power supply current drain, the amplifiers 
have a class A output stage for small signal levels which 
converts to class B in a large signal mode. This allows the 
amplifiers to both source and sink large output currents. 
Therefore both NPN and PNP external current boost tran- 
sistors can be used to extend the power capability of the 
basic amplifiers. The output voltage needs to raise approxi- 
mately 1 diode drop above ground to bias the on-chip verti- 
cal PNP transistor for output current sinking applications. 
For ac applications, where the load is capacitively coupled 
to the output of the amplifier, a resistor should be used, from 
the output of the amplifier to ground to increase the class A 
bias current and prevent crossover distortion. Where the 
load is directly coupled, as in dc applications, there is no 
crossover distortion. 


Capacitive loads which are applied directly to the output of 
the amplifier reduce the loop stability margin. Values of 50 
pF can be accomodated using the worst-case non-inverting 
unity gain connection. Large closed loop gains or resistive 
isolation should be used if larger load capacitance must be 
driven by the amplifier. 

The bias network of the LM158 establishes a drain current 
which is independent of the magnitude of the power supply 
voltage over the range of 3 Vdc to 30 V DC- 
Output short circuits either to ground or to the positive pow- 
er supply should be of short time duration. Units can be 
destroyed, not as a result of the short circuit current causing 
metal fusing, but rather due to the large increase in 1C chip 
dissipation which will cause eventual failure due to exces- 
sive function temperatures. Putting direct short-circuits on 
more than one amplifier at a time will increase the total 1C 
power dissipation to destructive levels, if not properly pro- 
tected with external dissipation limiting resistors in series 
with the output leads of the amplifiers. The larger value of 
output source current which is available at 25°C provides a 
larger output current capability at elevated temperatures 
(see typical performance characteristics) than a standard 1C 
op amp. 

The circuits presented in the section on typical applications 
emphasize operation on only a single power supply voltage. 
If complementary power supplies are available, all of the 
standard op amp circuits can be used. In general, introduc- 
ing a pseudo-ground (a bias voltage reference of V+/2) will 
allow operation above and below this value in single power 
supply systems. Many application circuits are shown which 
take advantage of the wide input common-mode voltage 
range which includes ground. In most cases, input biasing is 
not required and input voltages which range to ground can 
easily be accommodated. 
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Typical Single-Supply Applications <v+ = 5.0 v DC ) 


Non-Inverting DC Gain (OV Input = OV Output) 



DC Summing Amplifier 
(V,N’S * 0 V DC and V 0 ^ 0 V DC ) 



TL/H/7787-7 


Power Amplifier 


R 

100k 



R 

tOOk TL/H/7787-8 


Where: V 0 = Vi + V 2 + V 3 + V 4 

(Vi + V 2 ) :> (V 3 + V 4 ) to keep V 0 > 0 V DC 


R1 

91 Ok 



“BI-QUAD” RC Active Bandpass Filter 


R1 

100k 



1 
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Typical Single-Supply Applications <v+ = 5.0 v DC ) (continued) 



Low Drift Peak Detector 



TL/H/7787-20 


High Compliance Current Sink Comparator with Hysteresis 




TL/H/7787-21 


1 
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Typical Single-Supply Applications (v+ = 5.0 v DC ) (continued) 

Voltage Controlled Oscillator (VCO) 


0.05m F 



'WIDE CONTROL VOLTAGE RANGE: 0 V DC ^ V c <: 2 (V+ -1.5V D c) 


AC Coupled Inverting Amplifier 


Rf 

100k 



- * TL/H/7787-24 

Ground Referencing a Differential Input Signal 


i 



Vo = Vb 


TL/H/7787-25 



Typical Single-Supply Applications <v+ = 5.0 v DC ) (continued) 

AC Coupled Non-Inverting Amplifier 


R1 R2 

100k 1M 



TL/H/7787-26 

DC Coupled Low-Pass RC Active Filter 


Cl 

O.OImF 



TL/H/7787-27 

Bandpass Active Filter 


ci 

0.01*F 



-2; 
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Typical Single-Supply Applications <v+ = 5.0 v DC > (continued) 

High Input Z, DC Differential Amplifier 


R2 

100k 



>V 0 


TL/H/7787-29 


As Shown: V Q = 2 (V 2 - 


Photo Voltaic-Cell Amplifier 

R» 

1M 


Bridge Current Amplifier 


+v nEF 




High Input Z Adjustable-Gain 
DC Instrumentation Amplifier 


R1 

100k 



>V 0 


TL/H/7787-31 


2R1 

V ° = 1 + ~R2 (V2 " Vl) 
As shown Vq = 101 (V 2 - Vi) 
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Typical Single-Supply Applications <v+ = 5.0 v DC > (Continued) 

Using Symmetrical Amplifiers to 
Reduce Input Current (General Concept) 



TL/H/7787-32 

Schematic Diagram (Each Amplifier) 


v + 



TL/H/7787-3 
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LM221/LM321 


National Semiconductor 


LM221/LM321 Precision Preamplifiers 

General Description 

The LM221 series are precision preamplifiers designed to 
operate with general purpose operational amplifiers to dras- 
tically decrease dc errors. Drift, bias current, common mode 
and supply rejection are more than a factor of 50 better than 
standard op amps alone. Further, the added dc gain of the 
LM221 decreases the closed loop gain error. 

The LM221 series operates with supply voltages from ±3V 
to ±20V and has sufficient suppiy rejection to operate from 
unregulated supplies. The operating current is programma- 
ble from 5 julA to 200 jaA so bias current, offset current, gain 
and noise can be optimized for the particular application 
while still realizing very low drift. Super-gain transistors are 
used for the input stage so input error currents are lower 
than conventional amplifiers at the same operating current. 

Further, the initial offset voltage is easily nulled to zero. 

The extremely low drift of the LM221 will improve accuracy 
on almost any precision dc circuit. For example, instrumen- 
tation amplifier, strain gauge amplifiers and thermocouple 
amplifiers now using chopper amplifiers can be made with 


the LM221. The full differential input and high common- 
mode rejection are another advantage over choppers. For 
applications where low bias current is more important than 
drift, the operating Current can be reduced to low values. 
High operating currents can be used for low voltage noise 
with low source resistance. The programmable operating 
current of the LM221 allows tailoring the input characteris- 
tics to match those of specialized op amps. 

The LM221 is specified over a -25°C to +85°C range and 
the LM321 over a 0°C to +70°C temperature range. 

Features 

■ Guaranteed drift of LM321A— 0.2 |ulV/ 0 C 

■ Guaranteed drift of LM221 series— 1 ju,V/°C 

■ Offset voltage less than 0.4 mV 

■ Bias current less than 10 nA at 10 ju,A operating current 

■ CMRR 126 dB minimum 

■ 120 dB supply rejection 

■ Easily nulled offset voltage 



Typical Applications 

Thermocouple Amplifier with Cold Junction Compensation 


+15V 
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Absolute Maximum Ratings 

Supply Voltage ± 20V 

Power Dissipation (Note 1) 500 mW 

Differential Input Voltage (Notes 2 and 3) ± 1 5V 

Input Voltage (Note 3) ± 1 5V 

Electrical Characteristics (Note 4> lm 32 ia 


Operating Temperature Range 
LM321A 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 
ESD rating to be determined. 


0°C to + 70°C 
— 65°C to + 150°C 
300°C 


Parameter 

1 

Conditions 

LM321A 

Units 

Min 

Typ 

Max 

Input Offset Voltage 

T a = 25°C, 6.4k ^ R S et ^ 70k 


0.2 

0.4 

mV 

Input Offset Current 

T a = 25°C, 






RSET = 70k 

! 

0.3 

0.5 

nA 


RSET = 6.4k 

[ 


5 

nA 

Input Bias Current 

T a = 25°C, 

1 





R S et = 70k 

! 

5 

15 

nA 


RsET = 6.4k 

1 

50 

150 

nA 

Input Resistance 

T A = 25°C, 






R S eT = 70k 

2 

8 


MQ 


R S et = 6.4k 

0.2 



Mn 

Supply Current 

T a = 25°C, R S eT = 70k 

! 

0.8 

2.2 

mA 

Input Offset Voltage 

6.4k ^ R S et ^ 70k 


0.5 

0.65 

mV 

Input Bias Current 

R S eT = 70k 


15 

25 

nA 


Rset = 6.4k 


150 

250 

nA 

Input Offset Current 

Rset = 70k 


0.5 

1 

nA 


Rset = 6.4k 


5 

10 

nA 

Input Offset Current Drift 

Rset = 70k 


3 


pA/°C 

Average Temperature 

Rs ^ 200fl, 6.4k <; Rset ^ 70k 





Coefficient of Input Offset 
Voltage 

Offset Voltage Nulled 


0.07 

0.2 

juV/°C 

Long Term Stability 



3 


jutV/yr 

Supply Current 



1 

3.5 

mA 

Input Voltage Range 

V s = ± 15V, (Note 5) 






Rset = 70k 

±13 



V 


Rset = 6.4k 

CO 

T 

+ 



V 

Common-Mode Rejection 

Rset = 70k 

126 

140 


dB 

Ratio 

Rset = 6.4k 

120 

130 


dB 

Supply Voltage Rejection 

Rset = 70k 

118 

126 


dB 

Ratio 

Rset = 6.4k 

114 

120 


dB 

Voltage Gain 

T a = 25°C, Rset = 70k, 




' 


Rl > 3 Mfl 

12 

20 


V/V 

Noise 

Rset = 70k, Rsource = 0 


8 


nV/jHz 


Note 1: The maximum junction temperature of the LM321 A is 85°C. For operating at elevated temperature, devices in the H08 package must be derated based on 
a thermal resistance of 150°C/W, junction to ambient, or 18°C/W, junction to case. 

Note 2: The inputs are shunted with back-to-back diodes in series with a 5000 resistor for overvoltage protection. Therefore, excessive current will flow if a 
differential input voltage in excess of IV is applied between the inputs. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: These specifications apply for ±5 ^ Vs ^ ±20V and -55°C ^ T A £ + 125°C, unless otherwise specified. With the LM221A, however all temperature 
specifications are limited to -25°C ^ T A ^ + 85°C, and for the LM321A the specifications apply over a 0°C to +70°C temperature range. 

Note 5: External precision resistor — 0.1% — can be placed from pins 1 and 8 to 7 increase positive common-mode range. 

Note 6: See RETS121X for LM121H/883 military specs and RET121AX for LM1 21 AH/883 military specs. 
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Absolute Maximum Ratings 




. % - 




If Military/Aerospace specified devices are required, 

Operating Temperature Range 




please contact the National Semiconductor Sales 

LM221, LM121A (-883), LM121 (-883) - 

-25°Cto +85°C 

Office/Distributors for availability and specifications. 

LM321, LM321A 



0°Cto +70°C 

Supply Voltage 

±20V 

Storage Temperature Range 

— 65°Cto +150°C 

Power Dissipation (Note 1) 500 mW 

Lead Temperature (Soldering, 10 sec.) 


260°C 

Differential Input Voltage (Notes 2 and 3) ± 1 5V 

ESD rating to be determined. 




Input Voltage (Note 3) 

±15V 








Electrical Characteristics (Note 4) LM221 , lm32i 







Parameter 

Conditions 

LM221 

LM321 

Units 

Min 

Typ 

Max 

Min 






Input Offset Voltage 

Ta = 25°C, 6.4k <; Rset ^ 70k 



0.7 




mV 

Input Offset Current 

T a = 25°C, 


m 



■ 




Rset = 70k 



1 



2 

nA 


Rset = 6.4k 


wm 

10 



20 

nA 

Input Bias Current 

T a = 25°C, 





m 


■ ■ 


Rset = 70k 






18 

1 


Rset = 6.4k 





i— 

180 


Input Resistance 

T a = 25°C, 


m 

Bj| 


■| 

■ 

■ ■ 


Rset = 70k 

4 


■ 

2 



H 


Rset = 6.4k 

0.4 

W 

:U 

0.2 

mM 


II 

Supply Current 

T a = 25°C, Rset = 70k 







mA 

Input Offset Voltage 

6.4k ^ Rset ^ 70k 



1.0 



2.5 

mV 

Input Bias Current 

Rset = 70k 






28 

nA 


Rset = 6.4k 






280 

nA 





3 



4 

nA 





30 



40 

nA 

Input Offset Current Drift 

Rset = 70k 


3 



3 


pA/°C 

Average Temperature 

Rs ^ 200ft, 6.4k Rset ^ 70k 


■ 

■ 


H 

mm 


Coefficient of Input 

Offset Voltage 

Offset Voltage Nulled 



II 


II 

■ 


Long Term Stability 



5 



5 



Supply Current 




2.5 



3.5 

mA 

Input Voltage Range 

V s = ± 1 5V, (Note 5) 


m 

wm 


wm 

n 



Rset = 70k 

±13 



+ 13 



V 


Rset * 6.4k 

+ 7, -13 

m 

W 

±7, -13 


1 

V 

Common-Mode Rejection 

Rset = 70k 

120 


H 

mm 



dB 

Ratio 

Rset = 6.4k 

114 



WUM 



dB 

Supply Voltage Rejection 

Rset = 70k 

120 


n 

mm 


| 

dB 

Ratio 

Rset — 6.4k 

114 



MM 



dB 

Voltage Gain 

T a = 25°C, Rset = 70k, 









R l > 3 Mft 

16 



12 



V/V 

Noise 

Rset = 70k, Rsource = 0 


8 



8 


nV/i/Hz 

Note 1: The maximum junction temperature of the LM221 is 100°C. The maximum junction temperature of the LM321 is 85°C. For operating at elevated 
temperature, devices in the H08 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 18°C/W, junction to case. 

Note 2: The inputs are shunted with back-to-back diodes in series with a 500ft resistor for overvoltage protection. Therefore, excessive current will flow if a 

differential input voltage in excess of IV is applied between the inputs. 








Note 3: For supply voltages less than ± 15V, the absolute maximum input voltage is equal to the supply voltage. 





Note 4: These specifications apply for ±5 £ Vs ^ ±20V and -55°C £ T>\ £ +125°C, unless otherwise specified. With the LM221, however all temperature 

specifications are limited to -25°C £ Ta £ +85°C, and for the LM321 the specifications apply over a 0°C to +70°C temperature range. 



Note 5: External precision resistor — 0.1 %— can be placed from pins 1 and 8 to 7 increase positive common-mode range. 
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Typical Performance Characteristics 


Input Bias Current 



-55 -15 25 65 105 


Distribution of Offset 
Voltage Drift (Nulled) 


1 

1 

1 

1 


1 

1 


3 

a 

1 

1 

1 

1 

' 

1 

1 


1 

a 

1 


1 

1 


1 

1 


1 

a 

1 

1 

1 

! 


1 

1 


1 

a 

■ 

«fi9 

■ 

m 

1 

1 


1 

1 

m 

! 

■ 

n 


-0.4 -0.2 0 0.2 0.4 


TEMPERATURE (°C) 


VOLTAGE DRIFT (mV/°C) 


Positive Power Supply 
Rejection 



10 100 1b 10k 100k 

FREQUENCY (Hz) 


Negative Power Supply 
Rejection 



10 100 Ik 10k 100k 


FREQUENCY (Hz) 


Input Noise Current 

ia | ■ | - i i 



FREQUENCY (Hz) 


Voltage Drift 



0 0.2 0.4 0.6 0.8 1.0 

OFFSET VOLTAGE (mV) 



Distribution of Offset 
Voltage Drift (Nulled) 

70 


50 


30 
20 
10 
0 

-0.2 -0.1 0 0.1 0.2 
VOLTAGE DRIFT foV/°C) 



Input Noise Voltage 


- — ~ - 



= — 


















= «SE 

T = 70 k« 







■MS 















10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Differential Voltage Gain 



2 5 10 20 50 100 200 

SET CURRENT/SIDE U«A) 



-55 -15 25 65 105 


TEMPERATURE ( C) 

TL/H/7769-9 
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OUTPUT 


Schematic Diagram 
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LM221/LM321 


Frequency Compensation 

UNIVERSAL COMPENSATION 

The additional gain of the LM321 preamplifier when used 
with an operational amplifier usually necessitates additional 
frequency compensation. When the closed loop gain of the 
op amp with the LM321 is less than the gain of the LM321 
alone, more compensation is needed. The worst case situa- 
tion is when there is 100% feedback— such as a voltage 
follower or integrator — and the gain of the LM321 is high. 
When high closed loop gains are used — for example Av = 
1 000 — and only an addition gain of 200 is inserted by the 
LM321, the frequency compensation of the op amp will usu- 
ally suffice. 

The frequency compensation shown here is designed to op- 
erate with any unity-gain stable op amp. Figure 1 shows the 
basic configuration of frequency stabilizing network. In oper- 
ation the output of the LM321 is rendered single ended by a 
0.01 /xF bypass capacitor to ground. Overall frequency com- 
pensation then is achieved by an integrating capacitor 
around the op amp. 

12 

Bandwidth at unity-gain = — - 

2ttR S etC 

4 

for 0.5 MHz bandwidth C = — — 

10 6 R S et 

For use with higher frequency op amps such as the LM1 18 
the bandwidth may be increased to about 2 MHz. 

If the closed loop gain is greater than unity, “C” may be 
decreased to: 


10® Aql Rset 

ALTERNATE COMPENSATION 

The two compensation capacitors can be made equal for 
improved power supply rejection. In this case the formula for 
the compensation capscitor is: 


106 a cl Rset 


Table I shows typical values for the two compensating ca- 
pacitors for various gains and operating currents. 


TABLE I 


Closed 

Loop 

Gain 

Current Set Resistor 

120 ka 

60 ka 

30 ka 

12 ka 

6ka 

A v = 1 

68 

130 

270 

680 

1300 

A v = 5 

15 

27 

56 

130 

270 

A v = 10 

10 

15 

27 

68 

130 

A v = 50 

1 

3 

5 

15 

27 

A v = 100 

- 

1 

3 

5 

10 

A v = 500 

- 

- 

1 

1 

3 

A v = 1000 

- 

- 

- 

- 

- 


This table applies for the LM108, LM101A, LM741, LM118. 
Capacitance is in pF. 


DESIGN EQUATIONS FOR THE LM321 SERIES 

^ . 1.2 X 10® 

Gain Aw ~ — 

Rset 

Null Pot Value should be 10% of Rset 

2 X 0.65V 


Operating Current ~ ■ 


Rset 


Positive Common-Mode Limit ~ V+ 



0.65V X 50k ' 
Rset 


Typical Applications 

Rf 



TL/H/7769-2 
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Typical Applications (Continued) 

Gain of 1000 Instrumentation Amplifier! 

R6 

3M 

0 . 1 % 



High Speed* inverting Amplifier with Low Drift 


LM103-1.8 



Medium Speed* General Purpose Amplifier 


v + 
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N a t ion a l 


Semiconductor 


LM359 Dual, High Speed, Programmable, 
Current Mode (Norton) Amplifiers 


General Description 

The LM359 consists of two current differencing (Norton) in- 
put amplifiers. Design emphasis has been placed on obtain- 
ing high frequency performance and providing user pro- 
grammable amplifier operating characteristics. Each amplifi- 
er is broadbanded to provide a high gain bandwidth product, 
fast slew rate and stable operation for an inverting closed 
loop gain of 1 0 or greater. Pins for additional external fre- 
quency compensation are provided. The amplifiers are de- 
signed to operate from a single supply and can accommo- 
date input common-mode voltages greater than the supply. 

Applications 

■ General purpose video amplifiers 

■ High frequency, high Q active filters 

■ Photo-diode amplifiers 

■ Wide frequency range waveform generation circuits 

■ All LM3900 AC applications work to much higher 
frequencies 


Features 

■ User programmable gain bandwidth product, slew rate, 
input bias current, output stage biasing current and total 
device power dissipation 

■ High gain bandwidth product (Iset = 0.5 mA) 

400 MHz for A v = 10 to 100 
30 MHz for Ay = 1 

■ High slew rate (Iset = 0.5 mA) 

60 V/jas for Ay = 10 to 100 
30 V/ju,s for Ay = 1 

■ Current differencing inputs allow high common-mode 
input voltages 

■ Operates from a single 5V to 22V supply 

■ Large inverting amplifier output swing, 2 mV to 
V C C - 2V 

■ Low spot noise, 6 nV/>/Hz, for f > 1 kHz 


Typical Application 


0.5 pF 



• A v = 20 dB 

• -3 dB bandwidth = 2.5 Hz to 25 MHz 

• Differential phase error < 1° at 3.58 MHz 

• Differential gain error < 0.5% at 3.58 MHz 


Connection Diagram 


Dual-ln-Line Package 



VoutB 
COMP B 
V + 

GNDB 

l|N(-)B 

•inWb 

■SET(IN) 


TL/H/7788-2 


Top View 

Order Number LM359J, LM359M or LM359N 
See NS Package Number J14A, M14A or N14A 
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Absolute Maximum Ratings 

If Military /Aerospace specified devices are required, Input Currents, Iin<+) or hN( ) lOmAoc 

please contact the National Semiconductor Sales Set Currents, Isetiin) or I S et(OUT) 2mA DC 

Office/Distributors for availability and specifications. 0peratjng Temperature Range 

Supply Voltage 22 V DC LM359 0°C to + 70°C 

or ± 1 1 Vqc Storage Temperature Range -65°C to + 1 50°C 

P °J V package >ati0n **** ^ 1 W Lead Tem P erature (Soldering, 10 sec.) 260‘C 

N Package 750 mW Soldering Information 

... _ Dual-In-Line Package 

Tpacklqe + 1 50°C Soldering (10 sec.) 260»C 

J Package - Small Outline Package 

N Package +125 C Vapor Phase (60 sec.) 215°C 

Thermal Resistance Infrared (15 sec.) 220°C 

J Package See AN-450 “Surface Mounting Methods and Their Effect 

0jA 147°C/W still air on p ro duct Reliability” for other methods Of soldering sur- 

1 10°C/W with 400 linear feet/min air flow f ace moun t devices. 

N Package ESD rating to be determined. 

0 jA 100°C/W still air 

75°C/W with 400 linear feet/min air flow 

Electrical Characteristics Iset(IN) == IsET(OUT) = 0.5 mA, V SU pp|y = 12V, T A = 25°C unless otherwise noted 

Parameter 

Conditions 

LM359 

Units 

Min 

Typ 

Max 

Open Loop Voltage 

Gain 

Vsuppiy = 12V, R l = 1k,f = 100 Hz 

T a = 125°C 

62 

72 

68 


dB 

dB 

Bandwidth 

Unity Gain 

R|N = 1 kfl, C com p = 10 pF 

15 

30 


MHz 

Gain Bandwidth Product 
Gain of 10 to 100 

R|N = 50H to 200(1 

200 

400 


MHz 

Slew Rate 

Unity Gain 

Gain of 10 to 100 

R|N = 1 kft, Ccomp = 10 pF 

R|(s| < 200H 


30 

60 


V/jU.S 

V/jas 

Amplifier to Amplifier 
Coupling 

f = 100 Hz to 100 kHz, R l = Ik 


-80 


dB 

Mirror Gain 
(Note 2) 

at 2 mA I|n(+)» Iset = 5 jwA, T A = 25°C 
at 0.2 mA I|n( + ), Iqet = 5 juA 

Over Temp. 

at 20 juA I|n(T), Iset = 5 J^A 

Over Temp. 

0.9 

0.9 

0.9 

1.0 

1.0 

1.0 

1.1 

1.1 , 

1.1 

fxA/fxA 

fiA/fiA 

juA/jaA 

AMirror Gain 
(Note 2) 

at 20 jnAtoO.2 mA I|n( + ) 

Over Temp, Iset = 5 ju,A 


3 

5 

% 

Input Bias Current 

Inverting Input, T A = 25°C 

Over Temp. 


8 


ju,A 

fiA 

Input Resistance (/3re) 

Inverting Input 


2.5 


k n 

Output Resistance 

Iout = 15 mA rms, f = 1 MHz 


3.5 


ct 

Output Voltage Swing 
v out High 

Vout Low 

R|_ = 600fl 

Iin(-) and I|n( + ) Grounded 

I|n(— ) = 100 /aA, I|n( + ) = 0 


10.3 

2 

50 

V 

mV 

Output Currents 

Source 

Sink (Linear Region) 

Sink (Overdriven) 

Iin(-) and I|n(+) Grounded, R|_ = 100H 
Vcomp-0.5V = Vout = IV, l| N ( + ) = 0 
Iin(-) = 100 fiA, I|n( + ) = o, 

Vqut Force = IV 

16 

1.5 

40 

4.7 

3 


mA 

mA 

mA 

Supply Current 

Non-Inverting Input 

Grounded, R[_ = 00 


18.5 


mA 

Power Supply Rejection 
(Note 3) 

f = 120 Hz, I|n(+) Grounded 

40 

50 


dB 

Note 1: See Maximum Power Dissipation graph. 

Note 2: Mirror gain is the current gain of the current mirror which is used as the non-inverting input. ( A| = ) AMirror Gain is the % change in A| for two 

different mirror currents at any given temperature. V in( ) / 

Note 3: See Supply Rejection graphs. 
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Typical Performance Characteristics 


Open Loop Gain 




■ 

i 


!! 

■ 

= 

■ 

■ 

Mil 

— 


i 




■ 

■ 

i 

i 

Ii 



i 





■ 

i 

i 

Hill 


■ 

i 




■ 

■ 

i 

i 

Hill 


■ 

i 




■ 

■ 




Ht 

i 

n 




■ 

■ 




R L =10kf 
-V + = 12V 
f 0 = 1 kHz 
I— 1— J 




■ 





_ 

a 

E 

□ 




1111 


0.01 0.1 

SET CURRENT (mA) 


Gain Bandwidth Product 



0.1 1.0 
SET CURRENT (mA) 


Inverting Input Bias Current 



0.1 1.0 
SET CURRENT (mA) 


Mirror Gain 





mm 




1.00 

. Iim(+) = 

0/iA 

yeaMQk 

0% 





r/x 

— 

— 

0.96 

- 

-•if 

|(+) = 

L .. 

2 mA 

SSSjWA 

Wm 

m 

s 

— 

0.92 

0.90 




mm 

m 







mm 

Wk 







mm 

m 


LI 

0.86 

_A| 

. 'IN'"' 

iinW 

mm 

mm. 

VA 

Wk 

— 

11 

m 

0.82 

0.80 

- v + 

= 12V 

mm 

VA 



'SET 

mm 

m 



□ 


-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Note: Shaded area refers to LM359 


Open Loop Gain 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

Note: Shaded area refers to LM359 



0.1 

SET CURRENT (r 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

Note: Shaded area refers to LM359 

Mirror Gain 



Open Loop Gain 



Gain and Phase 



180 

150 

120 J 

jj» S 
60 m 

30 2 
0 " 

-30 


1.0 10 
FREQUENCY (MHz) 


Inverting Input Bias Current 


Mirror Gain 


Ta = 25C 
a,= Mi> 

' ' IwM 

l|N( + ) = 2 mA[j0 + 200 /jAp-p 
-R s = 100ft 


Ik 


10k 100k 

FREQUENCY (Hz) 


Mirror Current 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


TL/H/7788-4 


Note: Shaded area refers to LM359 
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Typical Performance Characteristics (Continued) 

Supply Rejection 



I 


CURRENT SOURCE FOR IsET(IN) 


RESISTOR TO V 


FOR'SET(IN) 


T A = 25 6 C 
V + =12VdC + 0-77 V rms 
f 0 = 1 kHz 

POSITIVE INPUT AT GND 


0.01 


0.1 

SET CURRENT (mA) 

Output Sink Current 


o.i 


SET CURRENT (mA) 

Output Swing 
























1 






\ 


■A -« «• 
GAIN * -10 

- V SUPPLY = 
R L = IkTO 

•set = 05 n 

±6V 


~x 


o 


~ 1 

V 


10k 100k 1M 
FREQUENCY (Hz) 


Amplifier to Amplifier 
Coupling (Input Referred) 

1 | i m i n i rinur miir 

_ 10 |_ T A = 25 'C 
V + = 5V 


Noise Voltage 



10k 100k 1M 

FREQUENCY (Hz) 

Application Hints 

The LM359 consists of two wide bandwidth, decompensat- 
ed current differencing (Norton) amplifiers. Although similar 
in operation to the original LM3900, design emphasis for 
these amplifiers has been placed on obtaining much higher 
frequency performance as illustrated in Figure 1. 

This significant improvement in frequency response is the 
result of using a common-emitter/common-base (cascode) 
gain stage which is typical in many discrete and integrated 
video and RF circuit designs. Another versatile aspect of 
these amplifiers is the ability to externally program many 
internal amplifier parameters to suit the requirements of a 
wide variety of applications in which this type of amplifier 
can be used. 



Supply Rejection 


z 





CURRENT SOI 

RCE FO 

R *SET( 

N) 



z 


z 

_RESIS 

TOR TO 

r 

V + FOR 

•SET(II) 

3 








T A = 2 

!5°C 




| POSITIVE INPUT AT GND 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 

Output Impedance 


1 

mamm 


(ttfltiii iS 

■■iiil! 55p"!"ii 

mBSmiii ■ 

linn r dimi 

fji 

UUiUJHMJU 

rrir "TBfllT 

nmTmnwi 

11 

eailiiSSpSili!' 
IP’/, ir ■lllllll 

sss 

liiiniSSSi 

IIIIIHIII 

18 

liliilB 

n=fpzB5»;ill 

HEiiiiiii 

■aSiiiSSSSiiii 

■III1IIHIIIIIII 


Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


1200 

1100 


Maximum Power Dissipation 


j= 700 

| 600 
5 500 
k 400 
1 300 
“■ 200 
100 


s 


I 

mm 

mm 



ML 


m 

mm 



Ml 

Mi 

iM 

w 

mm 



■3 


m 

mm 



■ 

Ml 

Mi 

m 

mm 




Mi 

Mi 

m 

mm 



■ 

IMI 

Ml 

m 

mm 





Ml 

m 

mm 



■ 

SI 

Mi 

m 

mm 



■ 

Mi 

H 

m 

mm 




Mi 

Mi 

m 

mm 




-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

Note: Shaded area refers to LM359J/LM359N 
TL/H/7788-5 



10 100 Ik 10k 100k 1M 10M 100M 1G 
FREQUENCY (Hz) 

FIGURE 1 
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Application Hints (Continued) 


DC BIASING 

The LM359 is intended for single supply voltage operation 
which requires DC biasing of the output. The current mirror 
circuitry which provides the non-inverting input for the ampli- 
fier also facilitates DC biasing the output. The basic opera- 
tion of this current mirror is that the current (both DC and 
AC) flowing into the non-inverting input will force an equal 
amount of current to flow into the inverting input. The mirror 
gain (A|) specification is the measure of how closely these 
two currents match. For more details see National Applica- 
tion Note AN-72. 

DC biasing of the output is accomplished by establishing a 
reference DC current into the (+) input, I|n(+). and requir- 
ing the output to provide the (-) input current. This forces 
the output DC level to be whatever value necessary (within 
the output voltage swing of the amplifier) to provide this DC 
reference current. Figure 2. 

Rf 

•fb 



v o(DC) = Vbe(-) + *FB Rf 
Ifb = l|N(+) A| + l b (-) 
V + ~ Vbe( + ) 

Rb 


»in(+) = 


TL/H/7788-7 


lb(— ) is the inverting input bias current 

FIGURE 2 

The DC input voltage at each input is a transistor Vbe 
(= 0.6 Vdc) and must be considered for DC biasing. For 
most applications, the supply voltage, V + , is suitable and 
convenient for establishing I|n(+)- The inverting input bias 
current, lb(~), is a direct function of the programmable input 
stage current (see current programmability section) and to 
obtain predictable output DC biasing set I|n(+) ^ 10lb(~)- 


The following figures illustrate typical biasing schemes for 
AC amplifiers using the LM359: 


Rf 



FIGURE 3. Biasing an Inverting AC Amplifier 


Rf 



V o(DC) = Vbe(-) + Rf + *b(“) 


FIGURE 4. Biasing a Non-Inverting AC Amplifier 



FIGURE 5. nV B E Biasing 

The nVeE biasing configuration is most useful for low noise 
applications where a reduced input impedance can be ac- 
commodated (see typical application^ section). 

OPERATING CURRENT PROGRAMMABILITY (I SE t) 

The input bias current, slew rate, gain bandwidth product, 
output drive capability and total device power consumption 
of both amplifiers can be simultaneously controlled and opti- 
mized via the two programming pins IsET(OUT) and •SET(IN)- 
ISET(OUT) 

The output set current Oset(OUT)) is equal to the amount of 
current sourced from pin 1 and establishes the class A bias- 
ing current for the Darlington emitter follower output stage. 
Using a single resistor from pin 1 to ground, as shown in 
Figure 6, this current is equal to: 
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Application Hints (Continued) 

The output set current can be adjusted to optimize the 
amount of current the output of the amplifier can sink to 
drive load capacitance and for loads connected to V + . The 
maximum output sinking current is approximately 10 times 
Iset(OUT)’ This set current is best used to reduce the total 
device supply current if the amplifiers are not required to 
drive small load impedances. 

ISET(IN) 

The input set current Iset(IN) is equal to the current flowing 
into pin 8. A resistor from pin 8 to V + sets this current to be: 


RseT(IN) + 500ft 



ture of 25°C is assumed (KT/q = 26 mV and £typ = 150). 
Iset(IN) also controls the DC input bias current by the ex- 
pression: 


. 3Iset _ iSET 


for NPN (i = 150 


which is important for DC biasing considerations. 

The total device supply current (for both amplifiers) is also a 
direct function of the set currents and can be approximated 
by: 

•supply - 27 X IsET(OUT) + 1 1 X IsET(IN) 
with each set current programmed by individual resistors. 

PROGRAMMING WITH A SINGLE RESISTOR 

Operating current programming may also be accomplished 
using only one resistor by letting IseT(IN) equal IsET(OUT)- 
The programming current is now referred to as Iset and it is 
created by connecting a resistor from pin 1 to pin 8 (Figure 
8 ). 

V + - 2Vrf 

I ...l... w — 


Rset + 1 kft 


where Vbe — 0.6V 


FIGURE 7. Establishing the Input Set Current 

Iset(IN) is most significant in controlling the AC characteris- 
tics of the LM359 as it directly sets the total input stage 
current of the amplifiers which determines the maximum 
slew rate, the frequency of the open loop dominant pole, the 
input resistance of the (-) input and the biasing current 
lb(— )■ All of these parameters are significant in wide band 
amplifier design. The input stage current is approximately 3 
times Iset(IN) and by using this relationship the following 
first order approximations for these AC parameters are: 

S r (MAX) = max slew rate « 3l SET(lN) 00 6 > (V/)as) 
'-'como 


Sr(MAX) = max slew rate « -H (V/|ms) 

'-'comp 

frequency of & 3 ISET(IN) . 

dominant pole 2 tt C com p A VO l (0.026V) 1 ; 

1 50 (0.026V) v 

input resistance = /3re = — (ft) 

3ISET(IN) 

where C comp is the total capacitance from the compensa- 
tion pin (pin 3 or pin 1 3) to ground, Avol is the low frequen- 
cy open loop voltage gain in V/V and an ambient tempera- 


input resistance = /3re « 



Iset (IN) = Iset(Out) = •set 

FIGURE 8. Single Resistor Programming of Iset 

This configuration does not affect any of the internal set 
current dependent parameters differently than previously 
discussed except the total supply current which is now 
equal to: 

•supply — 37 x Iset 

Care must be taken when using resistors to program the set 
current to prevent significantly increasing the supply voltage 
above the value used to determine the set current. This 
would cause an increase in total supply current due to the 
resulting increase in set current and the maximum device 
power dissipation could be exceeded. The set resistor val- 
ue(s) should be adjusted for the new supply voltage. 
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Application Hints (Continued) 

One method to avoid this is to use an adjustable current 
source which has voltage compliance to generate the set 
current as shown in Figure 9. 


v + 



FIGURE 9. Current Source Programming of Jset 


This circuit allows Iset to remain constant over the entire 
supply voltage range of the LM359 which also improves 
power supply ripple rejection as illustrated in the Typical 
Performance Characteristics. It should be noted, however, 
that the current through the LM334 as shown will change 
linearly with temperature but this can be compensated for 
(see LM334 data sheet). 

Pin 1 must never be shorted to ground or pin 8 never short- 
ed to V + without limiting the current to 2 mA or less to 
prevent catastrophic device failure. 

CONSIDERATIONS FOR HIGH FREQUENCY 
OPERATION 

The LM359 is intended for use in relatively high frequency 
applications and many factors external to the amplifier itself 
must be considered. Minimization of stray capacitances and 
their effect on circuit operation are the primary require- 
ments. The following list contains some general guidelines 
to help accomplish this end: 

1 . Keep the leads of all external components as short as 
possible. 

2. Place components conducting signal current from the 
output of an amplifier away from that amplifier’s non-in- 
verting input. 

3. Use reasonably low value resistances for gain setting and 
biasing. 

4. Use of a ground plane is helpful in providing a shielding 
effect between the inputs and from input to output. Avoid 
using vector boards. 

5. Use a single-point ground and single-point supply distri- 
bution to minimize crosstalk. Always connect the two 
grounds (one from each amplifier) together. 

6. Avoid use of long wires (> 2 ") but if necessary, use 
shielded wire. 

7. Bypass the supply close to the device with a low induc- 
tance, low value capacitor (typically a 0.01 jaF ceramic) to 
create a good high frequency ground. If long supply leads 
are unavoidable, a small resistor (~10ft) in series with 
the bypass capacitor may be needed and using shielded 
wire for the supply leads is also recommended. 


COMPENSATION 

The LM359 is internally compensated for stability with 
closed loop inverting gains of 1 0 or more. For an inverting 
gairi of less than 10 and ail non-inverting amplifiers (the 
amplifier always has 100% negative current feedback re- 
gardless of the gain in the non-inverting configuration) some 
external frequency compensation is required because the 
stray capacitance to ground from the (-) input and the 
feedback resistor add additional lagging phase within the 
feedback loop. The value of the input capacitance will typi- 
cally be in the range of 6 pF to 10 pF for a reasonably 
constructed circuit board. When using a feedback resist- 
ance of 30 k ft or less, the best method of compensation, 
without sacrificing slew rate, is to add a lead capacitor in 
parallel with the feedback resistor with a value on the order 
of 1 pF to 5 pF as shown in Figure 10. 


Cf 



FIGURE 10. Best Method of Compensation 


Another method of compensation is to increase the effec- 
tive value of the internal compensation capacitor by adding 
capacitance from the COMP pin of an amplifier to ground. 
An external 20 pF capacitor will generally compensate for 
all gain settings but will also reduce the gain bandwidth 
product and the slew rate. These same results can also be 
obtained by reducing Iset(IN) if the full capabilities of the 
amplifier are not required. This method is termed over-com- 
pensation. 

Another area of concern from a stability standpoint is that of 
capacitive loading. The amplifier will generally drive capaci- 
tive loads up to 100 pF without oscillation problems. Any 
larger C loads can be isolated from the output as shown in 
Figure 1 1. Over-compensation of the amplifier can also be 
used if the corresponding reduction of the GBW product can 
be afforded. 

Rf 



FIGURE 1 1. Isolating Large Capacitive Loads 


1-290 




Application Hints (Continued) 

In most applications using the LM359, the input signal will 
be AC coupled so as not to affect the DC biasing of the 
amplifier. This gives rise to another subtlety of high frequen- 
cy circuits which is the effective series inductance (ESL) of 
the coupling capacitor which creates an increase in the im- 
pedance of the capacitor at high frequencies and can cause 
an unexpected gain reduction. Low ESL capacitors like solid 
tantalum for large values of C and ceramic for smaller val- 
ues are recommended. A parallel combination of the two 
types is even better for gain accuracy over a wide frequency 
range. 


AMPLIFIER DESIGN EXAMPLES 

The ability of the LM359 to provide gain at frequencies high- 
er than most monolithic amplifiers can provide makes it 
most useful as a basic broadband amplification stage. The 
design of standard inverting and non-inverting amplifiers, 
though different than standard op amp design due to the 
current differencing inputs, also entail subtle design differ- 
ences between the two types of amplifiers. These differenc- 
es will be best illustrated by design examples. For these 
examples a practical video amplifier with a passband of 8 
Hz to 10 MHz and a gain of 20 dB will be used. It will be 
assumed that the input will come from a 75 n source and 
proper signal termination will be considered. The supply 
voltage is 12 Vqc and single resistor programming of the 
operating current, Iset. will be used for simplicity. 

AN INVERTING VIDEO AMPLIFIER 


1 . Basic circuit configuration: 

Rf 



2. Determine the required Iset from the characteristic 
curves for gain bandwidth product. 

GBWmin = 10X10 MHz = 100 MHz 
For a flat response to 10 MHz a closed loop response to 
two octaves above 10 MHz (40 MHz) will be sufficient. 
Actual GBW = 10 X 40 MHz = 400 MHz 


Iset required = 0.5 mA 


Rset=" 


2V B e 


•set 


- 1 k n 


10.8V 
0.5 mA 


- 1 ktt = 20.6 k n 


3. Determine maximum value for Rf to provide stable DC 
biasing 


If(MlN) ^ 1 0 X 


3 Iset . 

P 


100 jaA minimum DC 
feedback current 


Optimum output DC level for maximum symmetrical swing 
without clipping is: 

Vq(MAX) - Vq(MIN) 


w v o(MAX) ' 

v oDC(opt) = — 1 , 


‘ + v o(MIN) 


v oDC(opt) 


_ (V + - 3 V B e) ~ 2 mV 
2 

12 -1.8V 10.2V 


• = 5.1 V DC 


2 2 
Rf(MAX) can now be found: 
n V oDC (opt) - Vbe(-) 5.1V -0.6V 

r,(MAX) — ^r =45kn 

This value should not be exceeded for predictable DC 
biasing. 

4. Select R s to be large enough so as not to appreciably 
load the input termination resistance: 

R s ^ 750H Let R s = 750fl 

5. Select Rf for appropriate gain: 

Ay — — — - so; Rf = 10 R s = 7.5 kfl 
Rs 

7.5 kn is less than the calculated Rf(MAX) so DC predicta- 
bility is insured. 

6. Since Rf = 7.5k, for the output to be biased to 5.1 Vqc. 
the reference current I|n(+) must be: 


I|n(+) = 


5.1V - Vbe(-) _ 5.1V - 0.6V 


Rf 


7.5 k a 


= 600 /xA 


Now Rb can be found by: 


Rb = 


v* - Vbe( + ) _ 12 - 0.6 


= 19 kH 


l||sj( + ) 600 jutA 

7. Select Cj to provide the proper gain for the 8 Hz minimum 
input frequency: 

1 1 


Ci^; 


■ = 26 /xF 


2tt R s (flow) 2 tt (750 Cl) (8 Hz) 

A larger value of Cj will allow a flat frequency response 
down to 8 Hz and a 0.01 /xF ceramic capacitor in parallel 
with Cj will maintain high frequency gain accuracy. 

8. Test for peaking of the frequency response and add a 
feedback “lead” capacitor to compensate if necessary. 
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Application Hints (Continued) 

Final Circuit Using Standard 5% 
Tolerance Resistor Values: 

0.5 pF 




IM 10M 100M 

FREQUENCY (Hz) 

TL/H/7788-19 

V 0 (DC) = 5.1V 

Differential phase error < 1° for 3.58 MHz f|N 
Differential gain error < 0.5% for 3.58 MHz fjN 
f -3 dB *ow = 2.5 Hz 

A NON-INVERTING VIDEO AMPLIFIER 

For this case several design considerations must be dealt 
with. 

• The output voltage (AC and DC) is strictly a function of 
the size of the feedback resistor and the sum of AC and 
DC “mirror current” flowing into the (+) input. 


• The amplifier always has 100% current feedback so ex- 
ternal compensation is required. Add a small (1 pF-5 pF) 
feedback capacitance to leave the amplifier’s open loop 
response and slew rate unaffected. 

• To prevent saturating the mirror stage the total AC and 
DC current flowing into the amplifier’s (+) input should 
be less than 2 mA. 

• The output’s maximum negative swing is one diode 
above ground due to the Vbe diode clamp at the (-) 
input. 

DESIGN EXAMPLE: 

eiN = 50 mV (MAX), fjisi = 10 MHz (MAX), desired circuit 

BW = 20 MHz, Ay = 20 d$, driving source impedance = 

75H, V + = 12V. 

1 . Basic circuit configuration: 


Cf 



2. Select Iset to provide adequate amplifier bandwidth so 
that the closed loop bandwidth will be determined by Rf 
and Cf. To do this, the set current should program an 
amplifier open loop gain of at least 20 dB at the desired 
closed loop bandwidth of the circuit. For this example, an 
I set of 0.5 mA will provide 26 dB of open loop gain at 
20 MHz which will be sufficient. Using single resistor pro- 
gramming for Iset : 

V + - 2 Vrf 

Rset = : — - 1 kft = 20.6 kn 

■set 

3. Since the closed loop bandwidth will be determined by 

R, andCf(<-3dB = i ^) 
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Application Hints (Continued) 

to obtain a 20 MHz bandwidth, both Rf and Cf should be 
kept small. It can be assumed that Cf can be in the range 
of 1 pF to 5 pF for carefully constructed circuit boards to 
insure stability and allow a flat frequency response. This 
will limit the value of Rf to be within the range of: 

1 1 
2ir 5 pF 20 MHz ^ S 2ir 1 pF 20 MHz 
or 1.6 kit £ R f £ 7.96 kit 

Also, for a closed loop gain of + 10, Rf must be 10 times 
R s + r e where r e is the mirror diode resistance. 

4. So as not to appreciably load the 75ft input termination 
resistance the value of (R s + r e ) is set to 750ft. 

5. For A v = 10; Rf is set to 7.5 kft. 

6. The optimum output DC level for symmetrical AC swing 


VoDC(opt) = 


■ + V 0 (MIN) 


(12 - 1.8)V - 0.6V 


+ 0.6V = 5.4 V DC 


7. The DC feedback current must be: 

. VoPCropt) ~ VBE(-) 5.4V - 0.6V 
FB R f 7.5k 

= 640 ju,A = I|n(+) 

DC biasing predictability will be insured because 640 jutA 
is greater than the minimum of Iset /5 or 100 ju,A. 


For gain accuracy the total AC and DC mirror current 
should be less than 2 mA. For this example the maximum 
AC mirror current will be; 

iejn^eak = ±50mV = 

R s + r e 750ft ^ 

therefore the total mirror current range will be 574 julA to 
706 jjlA which will insure gain accuracy. 

8. Rb can now be found: 

Rb = v+ -v y+> ,«zJg, 17jBm 

l|N( + ) 640 jaA 

9. Since R s + r e will be 750ft and r e is fixed by the DC 
mirror current to be: 

re = ^L_ = ^ a4 0fta.25-C 
q l|N(+) 640 fj.A 

R s must be 750ft-40ft or 710ft which can be a 680ft 
resistor in series with a 30ft resistor which are standard 
5% tolerance resistor values. 

1 0. As a final design step, Cj must be selected to pass the 
lower passband frequency corner of 8 Hz for this exam- 
ple. 

2tt(R s + r e )f| OW 2 tt (750ft) (8 Hz) * 

A larger value may be used and a 0.01 /xf ceramic ca- 
pacitor in parallel with Cj will maintain high frequency 
gain accuracy. 


= 26.5 fxF 


Final Circuit Using Standard 5% Tolerancl Resistor Values 
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Application Hints (Continued) 

Circuit Performance 


■■ 

■■ 

Hill 

HI 

HI 

HI 

IIIIHB 

sm 

HI 

■nil 

HIIIIHHI 

— 


M 1QM 

FREQUENCY (Hz) 

V 0 (DC) - 5.4V 

Differential phase error < 0.5 0 
Differential gain error < 2% 
f— 3 dB low = 2.5 Hz 


Typical Applications 


GENERAL PRECAUTIONS 

The LM359 is designed primarily for single supply operation 
but split supplies may be used if the negative supply voltage 
is well regulated as the amplifiers have no negative supply 
rejection. 

The total device power dissipation must always be kept in 
mind when selecting an operating supply voltage, the pro- 
gramming current, Iset» arid the load resistance, particularly 
when DC coupling the output to a succeeding stage. To 
prevent damaging the current mirror input diode, the mirror 
current should always be limited to 10 mA, or less, vyhich is 
important if the input is susceptible to high voltage tran- 
sients. The voltage at any of the inputs must not be forced 
more negative than -0.7V without limiting the current to 10 
mA. 

The supply voltage must never be reversed to the device; 
however, plugging the device into a socket backwards 
would then connect the positive supply voltage to the pin 
that has no internal connection (pin 5) which may prevent 
inadvertent device failure. 


DC Coupled Inputs 


Inverting 


Ngn-lnverting 




A V(AC) = 


- V BE( + ) _ V|N(DC) - Vbe(-) 
Rb Rs } 


V 0 (DC) = Vbe(-) + 

Rf 

A V(AC) = +- R — "~ 


(V|N(DC) ~ V BE(+)) Rf 
R s 


? . . •. AV(AC>=+ sri^(7) 

• Eliminates the need for an input coupling capacitor 

• Input DC level must be stable and can exceed the supply voltage of the LM359 provided that maximum input 

currents are not exceeded. 1 : < \ v w ' * ' v . 
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Application Hints (Continued) 

Noise Reduction using nVap Biasing 


nVap Biasing with a Negative Supply 




< r SET(0UT) 




• R1 and C 2 provide additional filtering of the negative biasing supply 


Typical Input Referred Noise Performance 


Adding a JFET Input Stage 


-nV BE BIASING - 


lx 20 |X »SET(IN) s 2 mA - 


7 'SETON) = 0 5 mA — 
— *SET(IN) = ® 05 mA 


10 100 Ik 10k 100k 1M 


FREQUENCY (Hz) 



* FET input voltage mode op amp 

* For A v = + 1; BW = 40 MHz, S r = 60 V/jas; C c = 51 pF 

* For A v = +11; BW = 24 MHz, S r = 130 V/^ts; C c = 5 pF 

* For A v = + 100; BW = 4.5 MHz, S r - 150 V/j*s; C c = 2 pF 

* Vqs ' s typically <25 mV; 10011 potentiometer allows a Vqs adjust range 


* Inputs must be DC biased for single supply operation 





LM359 









Typical Applications (Continued) 


Difference Amplifier 



Vo(DO) - pj (V + - 0 where * = 0.6V TL/H/7788-31 

Ay = — for R1 = R2 
R1 

*CMRR is adjusted for max at expected CM input signal 
R5 

R6 ~ — , for R5 = 100 kfi 

• Wide bandwidth 

• 70 dB CMRR typ 

• Wide CM input voltage range 


Voltage Controlled Oscillator 


c 

20 pF 



f V IN ~ <t> 

0 4CAVR1 
where: R2 = 2R1 

<f> = amplifier input voltage = 0.6V 
AV = DM7414 hysteresis, typ IV 

• 5 MHz operation 

• T2|_ output 


Phase Locked Loop 



TL/H/7788-33 
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Typical Applications (Continued) 


Squarewave Generator 

R1 

2k 



TL/H/7788-34 

f = 1 MHz 

Output is TTL compatible 

Frequency is adjusted by R1 & C (R1 < R2) 


Pulse Generator 


R1 



Output is TTL compatible 
Duty cycle is adjusted by R1 
Frequency is adjusted by C 


vhjl 


f = 1 MHz 
Duty cycle = 20% 


TL/H/7788-36 


Crystal Controlled Sinewave Oscillator 


5pF 



V 0 = 500 mVp-p 
f = 9.1 MHz 
THD < 2.5% 


9.1 MHz 

(FUNDAMENTAL) 


TL/H/7788-37 
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Typical Applications (Continued) 

Triangle Waveform Generator 


c 

250 pF 
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LM392/LM2924 

Low Power Operational Amplifier/Voltage Comparator 


General Description 

The LM392 series consists of 2 independent building block 
circuits. One is a high gain, internally frequency compensat- 
ed operational amplifier, and the other is a precision voltage 
comparator. Both the operational amplifier and the voltage 
comparator have been specifically designed to operate from 
a single power supply over a wide range of voltages. Both 
circuits have input stages which will common-mode input 
down to ground when operating from a single power supply. 
Operation from split power supplies is also possible and the 
low power supply current is independent of the magnitude 
of the supply voltage. 

Application areas include transducer amplifier with pulse 
shaper, DC gain block with level detector, VCO, as well as 
all conventional operational amplifier or voltage comparator 
circuits. Both circuits can be operated directly from the stan- 
dard 5 Vpc power supply voltage used in digital systems, 
and the output of the comparator will interface directly with 
either TTL or CMOS logic. In addition, the low power drain 
makes the LM392 extremely useful in the design of portable 
equipment. 

Advantages 

■ Eliminates need for dual power supplies 

■ An internally compensated op amp and a precision 
comparator in the same package 

■ Allows sensing at or near ground 

■ Power drain suitable for battery operation 

■ Pin-out is the same as both the LM358 dual op amp 
and the LM393 dual comparator 


Features 

■ Wide power supply voltage range 

Single supply 3 V to 32V 

Dual supply ± 1 .5V to ± 1 6V 

■ Low supply current drain — essentially independent of 

supply voltage 600 jaA 

■ Low input biasing current 50 nA 

■ Low input offset voltage 2 mV 

■ Low input offset current 5 nA 

■ Input common-mode voltage range includes ground 

■ Differential input voltage range equal to the power sup- 
ply voltage 

ADDITIONAL OP AMP FEATURES 

■ Internally frequency compensated for unity gain 

■ Large DC voltage gain 100 dB 

■ Wide bandwidth (unity gain) 1 MHz 

■ Large output voltage swing 0VtoV+ - 1.5V 

ADDITIONAL COMPARATOR FEATURES 

■ Low output saturation voltage 250 mV at 4 mA 

■ Output voltage compatible with all types of logic sys- 
tems 


Connection Diagram (Top View) 


(Amplifier A = Comparator) 
(Amplifier B = Operational Amplifier) 


Dual-ln-Line Package 



v+ 


OUTPUT B 
(OP AMP) 


INVERTING INPUT B 


NONINVERTING 
INPUT B 


Order Number LM392M or LM2924M 
See NS Package Number M08A 
Order Number LM392N or LM2924N 
See NS Package Number N08E 


TL/H/7793-1 


I 
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LM392/LM2924 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

LM392 LM2924 

Supply Voltage, V + 32 V or ± 1 6 V 26V or ± 1 3 V 

Differential Input Voltage 32V 26 V 

Input Voltage -0.3Vto+32V - 0.3 V to + 26 V 

Power Dissipation (Note 1) 

Molded DIP (LM392N, LM2924N) 820 mW 820 mW 

Small Outline Package (LM392M, LM2924M) 530 mW 530 mW 

Output Short-Circuit to Ground (Note 2) Continuous Continuous 

Input Current (V|n < -0.3 Vdc) (Note 3) 50 mA 50 mA 

Operating Temperature Range 0°Cto+70°C -40°Cto+85°C 

Storage T emperature Range - 65°C to + 1 50°C - 65°C to + 1 50°C 

Lead Temperature (Soldering, 10 seconds) 260°C 260°C 

ESD rating to be determined. 

Soldering Information 

Dual-in-Line Package 

Soldering (10 seconds) 260°C 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 215°C 215°C 

Infrared (1 5 seconds) 220°C 220°C 

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering 
surface mount devices. 

Electrical Characteristics (V+ = 5 Vdc; specifications apply to both amplifiers unless otherwise stated) 

(Note 4) 

Parameter 

Conditions 

LM392 

LM2924 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

T a = 25°C, (Note 5) 


±2 

±5 


±2 

±7 

mV 

Input Bias Current 

IN(+) or IN(— ), T a =25°C, 
(Note 6), V C m = 0V 







nA 

Input Offset Current 

IN(+) - IN(— ), T a = 25°C 


±5 

±50 


±5 

±50 

nA 

Input Common-Mode Voltage 
Range 

V+ = 30 Vq C , T a = 25”C, 
(Note 7) (LM2924, 

V+ = 26 V DC ) 

0 

■ 

V+-1.5 

0 

■ 

V+-1.5 

V 

Supply Current 

r l = oo,v+ = 30V, 
(LM2924, V+ = 26V) 


a 

2 


a 

2 

mA 

Supply Current 

R l = oo, v+ = 5V 



1 


mum 

1 

mA 

Amplifier-to-Amplifier Coupling 

f = 1 kHz to 20 kHz, 

T a = 25°C, Input Referred, 
(Note 8) 

■ 



■ 

mn 


dB 

Input Offset Voltage 

(Note 5) 



±7 



±10 

mV 

Input Bias Current 

IN(-f ) or IN(— ) 






500 

nA 

Input Offset Current 

IN(+) - IN(-) 



150 



200 

nA 

Input Common-Mode Voltage 
Range 

V+ = 30 Vdc. (Note 7) 
(LM2924.V+ = 26 V D c) 

0 



0 



V 

Differential Input Voltage 

Keep All Vin’s ^ 0 Vdc 
( or V - , if Used), (Note 9) 



32 



26 

V 

OP AMP ONLY 1 

Large Signal Voltage Gain 

V+ = 15 V DC ,V 0 swing = 

i Vqc to 1 1 Vdc> 

R|_ = 2 ka, T a = 25°C 

25 

100 


25 



V/mV 
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Electrical Characteristics (V+ = 5 Vdc; specifications apply to both amplifiers unless otherwise stated) 

(Note 4) (Continued) 

Parameter 

Conditions 

LM392 

LM2924 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

OP AMP ONLY | 

Output Voltage Swing 

. . 

R L = 2kn, T a = 25°C, 
(LM2924, R L ;> 10ktt) 

0 


V+-1.5 

0 


V+-1.5 

V 

Common-Mode Rejection 

Ratio 

DC,T A = 25°C,V CM = 

0 Vdc to V+ — 1.5 V DC 

65 

70 


50 

70 


dB 

Power Supply Rejection Ratio 

DC, T a = 25°C 

65 

100 


50 

100 


dB 

Output Current Source 

. 

V|N( + ) = 1 V DC> 

V|N(-) = 0 V DC) 

V+ = 15V DC ,V 0 = 

2 Vdc, T a = 25°C 

20 

40 


20 

40 


mA 

Output Current Sink 

, 

Vin(-) = 1 Vqc. 

V|N(+) = 0Vdc. 

V+ = 15 Vdc. Vo - 
2Vdc,T a = 25“C 

10 

20 


10 

20 


mA 

v iN(— ) = i v dc. 

V|N(+> = o v D c, 
v+ = 15 v DC , V 0 = 

200 mV, T a = 25°C 

12 

50 


12 

50 


jllA 

Input Offset Voltage Drift 

J3 

CO 

II 

o 

£ 


7 



7 


julV/°C 

Input Offset Current Drift 

Rg = On 


10 



10 


pA D c/°C 

| COMPARATOR ONLY | 

Voltage Gain 

r l ^ i5kn,v+ = is v D c, 

T a = 25°C 

50 

200 


25 

100 


V/mV 

Large Signal Response Time 

V|n = TTL Logic Swing, 

Vref = 1-4 V D c 

Vr L = 5 V D c, Rl = 5.1 kn, 
T a = 25°C 


300 



300 


ns 

Response Time 

Vrl = 5 Vdc, Rl = 5.1 kn, 
T a = 25°C, (Note 10) 


1.3 



1.5 


jUS 

Output Sink Current 

V|N(— ) = r v DC , , 

Vin(+) = o v D c, 

V 0 ^ 1.5 V DC , T a = 25°C 

6 

16 


6 

16 


mA 

Saturation Voltage 

V|N(— ) ^ 1 V DC , 

V|N(+) = 0, 

•SINK ^ 4 mA, T A = 25°C 


250 

400 



400 

mV 

V|N(-) ^ i v D c, 

V|N(+) = 0, 

•sink £ 4 mA 



700 



700 

mV 

Output Leakage Current 

V|N(— ) = 0, 

Vin(+) ^ 1 v D c, 

Vo = 5 Vdc, T a = 25°C 


0.1 



0.1 


nA 

V|N(— ) = 0, 

Vin(+) ^ 1 Vdc, 

Vo = 30 Vdc 



1.0 



1.0 

jliA 

Note 1: For operating at temperatures above 25°C, the LM392 and the LM2924 must be derated based on a 125°C maximum junction temperature and a thermal 
resistance of 122°C/W which applies for the device soldered in a printed circuit board, operating in still air ambient. The dissipation is the total of both amplifiers — 
use external resistors, where possible, to allow the amplifier to saturate or to reduce the power which is dissipated in the integrated circuit. 

Note 2: Short circuits from the output to V+ can cause excessive heating and eventual destruction. When considering short circuits to ground, the maximum output 
current is approximately 40 mA for the op amp and 30 mA for the comparator independent of the magnitude of V+ . At values of supply voltage in excess of 15V, 
continuous short circuits can exceed the power dissipation ratings and cause eventual destruction. 

Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP 
transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action 
on the 1C chip. This transistor action can cause the output voltages of the amplifiers to go to the V+ voltage level (or to ground for a large overdrive) for the time 
duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns 
to a value greater than -0.3V (at 25°C). 
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National Semiconductor 


LM611 

Operational Amplifier and Adjustable Reference 


General Description 

The LM61 1 consists of a single-supply op-amp and a pro- 
grammable voltage reference in one space saving 8-pin 
package. The op-amp out-performs most single-supply op- 
amps by providing higher speed and bandwidth along with 
low supply current. This device was specifically designed to 
lower cost and board space requirements in transducer, 
test, measurement and data acquisition systems. 
Combining a stable voltage reference with a wide output 
swing op-amp makes the LM611 ideal for single supply 
transducers, signal conditioning and bridge driving where 
large common-mode-signals are common. The voltage ref- 
erence consists of a reliable band-gap design that maintains 
low dynamic output impedance (in typical), excellent initial 
tolerance (0.6%), and the ability to be programmed from 
1 .2V to 6.3V via two external resistors. The voltage refer- 
ence is very stable even when driving large capacitive 
loads, as are commonly encountered in CMOS data acquisi- 
tion systems. 

As a member of National’s Super-BlockTM family, the 
LM61 1 is a space-saving monolithic alternative to a multi- 
chip solution, offering a high level of integration without sac- 
rificing performance. 


Features 

OP AMP 

■ Low operating current 

■ Wide supply voltage range 

■ Wide common-mode range 

■ Wide differential input voltage 

■ Available in low cost 8-pin DIP 

■ Available in plastic package rated for Military Tempera- 
ture Range Operation 

REFERENCE 

■ Adjustable output voltage 

■ Tight initial tolerance available 

■ Wide operating current range 

■ Reference floats above ground 

■ Tolerant of load capacitance 


300 ju,A (op amp) 
4V to 36V 
V- to (V+ -1.8V) 
±36V 


1.2V to 6.3V 
± 0 . 6 % 
17 juA to 20 mA 


Applications 

■ Transducer bridge driver 

■ Process and Mass Flow Control systems 

■ Power supply voltage monitor 

■ Buffered voltage references for A/D’s 


Connection Diagrams 




Ordering Information 


Reference 
Tolerance & Vqs 

Temperature Range 

Package 

NSC 

Drawing 

Military 

-55°C<;T A £ + 125 0 C 

Industrial 

-40°C^T A ^ + 85°C 

Commercial 

0°C^T a ^+70°C 

±0.6% @ 

80 ppm/°C max 

Vos = 35 mV max 

LM611AMN 

LM611AIN 

— 

8-pin 

molded DIP 

N08E 

LM611AMJ/883 (Note 12) 

— 

— 

8-pin 

ceramic DIP 

J08A 

±2.0% @ 

150 ppm/°C max 
Vqs = 5 mV max 

LM611MN 

LM611BIN 

LM611CN 

8-pin 

molded DIP 

N08E 

— 

LM611IM 

LM611CM 

1 4-pin Narrow 
Surface Mount 

M14A 
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Absolute Maximum Ratings (Note u 





If Military/ Aerospace specified devices are required, Thermal Resistance, Junction-to-Ambierit (Note 3f 


please 

contact the National 

Semiconductor Sales N Package 


" 100°C/W 

Office/Distributors for availability and specifications. M Package 


1 50°C/W 

Voltage on Any Pins Except Vr 

Soldering Information Soldering (10 seconds) 


(referred to V - pin) 

36V (Max) N Package 



, 260°C 

(Note 2) 

-0.3V (Min) M Package 



220°C 

Current through Any Input Pin and Vr Pin ±20mA ESD Tolerance (Note 4) 


±1 kV 

Differential Input Voltage 

Military and Industrial 

± 36v Operating T emperature Range 

Commercial 

± 32V LM61 1 Al, LM61 1 1, LM61 1 Bl 

— 40°C ^ Tj <. + 85°C 

Storage Temperature Range 

— 65°C^Tj<i + 150°C LM611AM, LM611M 


-55°C^Tj^ + 125°C 

Maximum Junction Temperature 

150°C LM611C 


0°C^Tj^70°C 

Electrical Characteristics 



* 


These specifications apply for V~ 

= GND = 0V, V+ = 5V, V C M = V 0 UT = 

= 2.5V, l R = 

100 jmA, FEEDBACK pin shorted to 

GND, unless otherwise specified. Limits in standard typeface are for Tj = 

25°C; limits in boldface type apply over the 

Operating Temperature Range. 











LM611M 





■ 

LM611AM 

LM611BI 


Symbol 

Parameter 

Conditions 

Typical 
(Note 5) 

LM611AI 

Limits 

LM611I 

LM611C 

Units 





(Note 6) 

Limits 
(Note 6) 


Is 

Total Supply Current 

Rload = 00 . 

210 

300 

350 

julA max 



4V ^ V+ ^ 36V (32V for LM61 1 C) 

221 

320 

370 

jutA max 

Vs 

Supply Voltage Range 


2.2 

2.8 

2.8 

V min 




2.9 

3 

3 

V min 




46 

36 

32 

V max 




43 

36 

32 

V max 

OPERATIONAL AMPLIFIER 

Vosi 

Vos Over Supply 

4V ^ V+ ^ 36V 

1.5 

3.5 

5.6 

mV max 



(4V ^ V+ ^ 32V for LM61 1C) 

2.0 

6.0 

7.0 

mV max 

VOS2 

Vos Over Vcm 

Vcm = 0V through Vcm = 

1.0 

3.5 

5.0 

mV max 


(V+ - 1.8V), V + = 30V, V- = 0V 

1.5 

6.0 

7.0 

mV max 

v OS3 

Average Vqs Drift 

(Note 6) 

15 



p,V/°C 

AT 





max 

>B 

Input Bias Current 



25 

35 

nA max 





30 

40 

nA max 

•os 

Input Offset Current 


0.2 

4 

4 

nA max 




0.3 

5 

5 

nA max 

Iqsi 

AT 

Average Offset Drift 
Current 


4 



pA/°C 

Rin 

Input Resistance 

Differential 

1800 

' ’ s 


Mft 



Common-Mode 

3800 



Mft 

■ 

Input Capacitance 

Common-Mode 

5.7 



PF 



f = 100 Hz, Input Referred 

74 



nVA/Rz 

Ip 


f = 100 Hz, Input Referred 

58 



fAA/Rz 

CMRR 

Comm6n-Mode 

v+ = 30V, ov <; Vcm < (V+ - 1 . 8 V) 

95 

■■ 

mm. - 

dB min 


Rejection-Ratio 

CMRR = 20 log (AV CM /AV 0 s) 

90 

KB 

KB 

dBmin 

PSRR 

Power Supply 

4V <; V+ ^ 30V, V C M = V+/2, 

110 

■OH 

MEM 

dB min 


Rejection-Ratio 

PSRR = 20 log (AV+/AV 0 s) 

100 

KB 

KB 

dB min 

Ay 

Open Loop 

R L = 10 kO to GND, V+ = 30V, 

500 





Voltage Gain 

5V ^ Vout ^ 25V 

50 

RSI 

KB 


SR 

Slew Rate 

V+ = 30 V (Note 7) 

0.70 

■ 


Bl 




0.65 
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Electrical Characteristics (continued) 





These specifications apply for V~ 

= GND = 0V, V+ = 5V, V C M = V 0 UT 

= 2.5V, Ir = 

100 ju,A, FEEDBACK pin shorted to i 

GND, unless otherwise specified. Limits in standard typeface are for Tj = 

25°C; limits in boldface type apply over the 

| Operating Temperature Range. 






■ 





LM611M 






LM611AM 

LM611BI 


Symbol 

Parameter 

Conditions 

Typical 
(Note 5) 

LM611AI 

Limits 

LM611I 

LM611C 

Units 





(Note 6) 

Limits 
(Note 6) 


OPERATIONAL AMPLIFIER (Continued) 

GBW 

Gain Bandwidth 

C L = 50 pF 

0.80 



MHz 




0.50 



V 01 

Output Voltage 

R L = 10 kn to GND 

< 

+ 

1 





Swing High 

V+ = 36V (32V for LM61 1C) 

V+ - 1.6 




V 0 2 

Output Voltage 

R L = 10kntoV+ 

V- + 0.8 





Swing Low 

V+ = 36V (32V for LM61 1C) 

v - + 0.9 




•out 

Output Source 

V O ut = 2.5V,V +in = 0V, 

25 


16 

mA min 


Current 

V_ )N = -0.3V 

15 

m 

13 

mA min 

•sink 

Output Sink 

V OU T= 1.6V, V + in — 0V, 

17 

14 


mA min 


Current 

V_ !N = 0.3V 

9 

8 


mA min 

•short 

Short Circuit Current 

v OUT = 0V, V + in = 3V, 

30 

50 


mA max 



V_ in = 2V, Source 

40 

60 


mA max 



V 0U t = 5V, V+, N = 2V, 

30 

60 

70 

mA max 



V—in = 3V, Sink 

32 

80 

90 

mA max 

VOLTAGE REFERENCE 

Vr 

Reference Voltage 

(Note 8) 

1.244 

1.2365 

1.2191 

V min 





1.2515 

1.2689 

V max 





(±0.6%) 

(±2.0%) 


AVr 

Average Temperature 

(Note 9) 

10 

80 

150 

PPM/°C 

AT 

Drift 


max 

AVr 

ATj 

Hysteresis 

Hyst = (Vro' - Vro)/ATj 
(Note 1 0) 

3.2 




AVr 

Vr Change 

Vr(100 jhA) ~ Vro 7 jxA) 

0.05 

1 



AIr 

with Current 


O.l 

1.1 





V R(10 mA) “ Vr( 10 o jli A) 

1.5 

5 

5591 

RH| 



(Note 11) 

2.0 

5.5 



R 

Resistance 

AVr(iq o.l mA)/9-9 mA 







AVrciqo 17 fiA)/83 




E 

AVr 

Vr Change with 

VR(Vro = Vr) “ VR(Vro = 6.3V) 

2.5 

55 

7 

mV max 

Vro 

High Vro 

(5.06V between Anode and FEEDBACK) 

2.8 

■m 

10 

mV max 

AVr 

Vr Change with 


0.1 

1.2 



AV+ 

V+ Change 

O.l 

1.3 







mm 

mm 

mV max 





mrm 


mV max 

AVr 

Vr Change with 

V+ = V+ max, AVr = V R 





AVanODE 

Vanode Change 

(@ Vanode = v- == GND) - v r 

0.7 

1.5 

1.6 

mV max 



( @ Vanode = v+ - i.ov) 

3.3 

3.0 

3.0 

mV max 

HI 

FEEDBACK Bias 

•fb; Vanode ^ v F b ^ 5.06V 

22 

35 

50 

nA max 

mm 

Current 


29 

40 

55 

nA max 

©n 

Vr Noise 

10 Hz to 10,000 Hz, Vro = V R 

30 



f-Vrms 
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Electrical Characteristics (Continued) 

Note 1: Absolute maximum ratings indicate limits beyond which damage to the component may occur. Electrical specifications do not apply when operating the 
device beyond its rated operating conditions. 

Note 2: More accurately, it is excessive current flow, with resulting excess heating, that limits the voltages on all pins. When any pin is pulled a diode drop below 
V~, a parasitic NPN transistor turns ON. No latch-up will occur as long as the current through that pin remains below the Maximum Rating. Operation is undefined 
and unpredictable when any parasitic diode or transistor is conducting. 

Note 3: Junction temperature may be calculated using Tj = Ta + Pd #ja- The given thermal resistance is worst-case for packages in sockets in still air. For 
packages soldered to copper-clad board with dissipation from one op amp or reference output transistor, nominal 0 ja is 90°C/W for the N package amd 135°C/W 
for the M package 

Note 4: Human body model, 100 pF discharged through a 1.5 kn resistor. 

Note 5: Typical values in standard typeface are for Tj = 25°C; values in boldface type apply for the full operating temperature range. These values represent the 
most likely parametric norm. 

Note 6: All limits are guaranteed at room temperature (standard type face) or at operating temperature extremes (bold face type). 

Note 7: Slew rate is measured with op amp in a voltage follower configuration. For rising slew rate, the input voltage is driven from 5V to 25V, and the output 
voltage transition is sampled at 10V and 20V. For falling slew rate, the input voltage is driven from 25V to 5V, and output voltage transition is sampled at 20V and 
10V. 

Note 8: Vr is the cathode-feedback voltage, nominally 1 .244V. 

Note 9: Average reference drift is calculated from the measurement of the reference voltage at 25°C and at the temperature extremes. The drift, in ppm/°C, is 
1 0 6 « A Vr / ( Vr [25»c] • AT j) , where AVr is the lowest value subtracted from the highest, Vr[ 25 °c] is the value at 25°C, and ATj is the temperature range. This 
parameter is guaranteed by design and sample testing. 

Note 10: Hysteresis is the change in Vr caused by a change in Tj, after the reference has been “dehysterized”. To dehysterize the reference; that is minimize the 
hysteresis to the typical value, its junction temperature should be cycled in the following pattern, spiraling in toward 25°C: 25°C, 85°C, -40°C, 70°C, 0°C, 25°C. 
Note 11: Low contact resistance is required for accurate measurement. 

Note 12: Military RETS 611AMX electrical test specification is available on request. The LM611AMJ/883 can also be procured as a Standard Military Drawing. 


Simplified Schematic Diagrams 



Reference Bias 
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Typical Performance Characteristics (Reference) 

Tj = 25°C, FEEDBACK pin shorted to V~ = OV, unless otherwise noted 


Reference Voltage vs Temp 
on 5 Representative Units 



JUNCTION TEMPERATURE (C) 


Reference Voltage vs 
Current and Temperature 



2xior® 2 xio r® 2xicr 4 2 xior 3 2 xi<r 2 
REFERENCE CURRENT (A) 


Reference Voltage Drift 



TIME (hn) 


Reference Voltage vs 
Current and Temperature 



Reference Voltage vs 



-to ” 2 -10 ” 4 ±10“® 1(T 4 1<r 2 

REFERENCE CURRENT (A) 


Reference AC 
Stability Range 



REFERENCE SHUNT CURRENT (A) 


Accelerated Reference 
Voltage Drift vs Time 



TIME BIASED AT 150°C (hr*) 


Reference Voltage vs 
Reference Current 


S 

§ 

* 


— 

V 

— 

ro= 

— 

Vr 























_ 



12! 

3 










j 


-55 

25 

125 

°C_ 

JE 








°C 

°c 

M2! 

5°C 


-5 

>°c 

A 



25°C 

-55°C 




■i i i j— i l_ 

-10T 2 -Iff” 4 *10-® NT 4 10* 2 


REFERENCE CURRENT (A) 


TL/H/9221-5 


Feedback Current vs 
Feedback-to-Anode Voltage 



ANODE -TO -FEEDBACK VOLTAGE (V) 


Feedback Current vs 
Feedback-to-Anode Voltage 



Reference Noise Voltage 



1 10 100 1000 10000 


ANODE - TO - FEEDBACK VOLTAGE (V) 


FREQUENCY (Hz) 


Reference Small-Signal 
Resistance vs Frequency 


I 


■ 

■ 

■■ 

■i 

■■ 

■i 

■■ 

ii i&iiijiS 

■ iiSuuuIiiiiS 

ii 

ii 

■■ 

mi 

55 

iiiiiiS 
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isifliS 

■i 

■■ 

ii 
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in!, 1 

I* 111 ' 1 

■ 

ii 

I ''2Smiii j 5 

II 

IIIIIIH 

is 

iiii ! !i 

m 

■i 

i iiEBEffj 

55 

mi 

iiiiiijj 

■i 

iiliii 

5 

■■ 

ai 

a liSSSiiilliSS 
II (HIIIIIIIIH 

ai 
■ 1 

Hi m 

■I 

iiiiiii 


Mi i mum, u mini i mum uniim 

io 2 10 s io 4 io® io® 

FREQUENCY (Hz) 
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Typical Performance Characteristics (Reference) (Continued) 

Tj = 25°C, FEEDBACK pin shorted to V~ = OV, unless otherwise noted 


Reference Power-Up Time 


■Hi 

■ 

BHIIB 

■H 

■ 

■HI 



100 200 300 400 

TIME (ms) 


Reference Voltage with 
Feedback Voltage Step 


F 

EEDBCK-TC 

-ANODE VOLTAGE 




| 5.06V 




OV 

V 


A 

h- 

r 


Y 

£ 

f 


\ 

. L 



u 

1 ' 



~T 

v , 




(Z.J 






100 200 300 400 500 600 700 
■ TIMERS) 


Reference Voltage with 
1 pO ~ 1 2 ju A Current Step 



0 100 200 300 400 500 600 700 

TIME (ms) 


Reference Step Response for 
100 juiA ~ 10 mA Current Step 



0 100 200 300 400 500 600 700 

TIME (ms) 


Reference Voltage Change 
with Supply Voltage Step 


G 

r~ 

V 

r 


— /125°C- 
/y25°C 





[_ 



1 2 3 4 5 6 

TIME (ms) 


Typical Performance Characteristics (Op Amps) 

V+ = 5V, V - = GND = 0V, V C M = V+/2, Vqut = V+/2, Tj = 25°C, unless otherwise noted, 


Input Common-Mode Voltage 
Range Vs Temperature 



— 

— 

m — i — i — i — 
JUTPUT GOES LOW 

- 1. 1 1. 1 












- 

-1 






ll li l l 

NORMAL OPERATING RANG 

1 1 1 1 .1 ' r ‘l "1 

e : 

1 









-- 



OUTPUT GOES 

.1 1 1 ■ 

LOW 
1 


-60-40-20 0 20 4Q .60 80 100120140 
• JUNCTION TEMPERATURE (C) 

Ref erence Change vs 
Common-Mode Voltage 

(V*-2) (V+-1) V+ 



0 5 10 15 20 2530.030.5 31.0 31.5 32.0 
REFERENCE ANODE - TO- V VOLTAGE (V) 


Vqs vs Junction 
Temperature 



-60 -40-20 0 20 40 60 80 100120140 
JUNCTION TEMPERATURE (C) 


Large-Signal 
Step Response 



20 30 40 50 

TIME (ms) 


Input Bias Current vs 
Common-Mode Voltage 



-1 0 1 .2 3 4 5 10 20 40 60 8 
INPUT VOLTAGE (V) 

Output Voltage Swing 
vs Temp, and Current 



-60-40-20 0 20 40 60 80 100120140 

JUNCTION TEMPERATURE (C) TUH/9221 _ 8 








Typical Performance Characteristics (Op Amps) (Continued) 

V+ = 5V, V~ = GND = OV, Vqm — V+/2, Vqut = V+/2, Tj = 25°C, unless otherwise noted 


Output Source Current vs 
Output Voltage and Temp. 



Output Impedance vs 
Frequency and Gain 



10 1 10 2 10 3 10 4 10 5 10 6 
FREQUENCY (Hz) 

Op Amp Voltage Noise 



FREQUENCY (Hz) 

Small-Signal Voltage Gain 
vs Frequency and Load 



10" z 10 u 10 2 10 4 10® 
FREQUENCY (Hz) 


Output Sink Current vs 
Output Voltage 


111 

hi 

1 

m 

III 

hi 

1 

in 

m 

m 

HHK 

HR 

Si 

mui 

1 

m 

in 

ill 

ill 

III 

III 

II 

III 


-1 0 1 2 3 28 29 30 31 32 

V , V* 

OUTPUT VOLTAGE (V) 


Small Signal Pulse 
Response vs Temp. 



Op Amp Current Noise 



FREQUENCY (Hz) 

Follower Small-Signal 
Frequency Response 



Output Swing, 



FREQUENCY (Hz) 

Small-Signal Pulse 
Response vs Load 



Small-Signal Voltage Gain vs 
Frequency and Temperature 



Common-Mode Input 
Voltage Rejection Ratio 



FREQUENCY (Hz) 
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Typical Performance Distributions (Continued) 


Average Iqs Drift 
Military Temperature Range 



6 12 18 24 30 36 42 

los DRIFT (pA/C) 


Average Iqs Drift 
Industrial Temperature Range 



4 8 12 16 20 24 

los DRIFT (pA/C) 


Average los Drift 
Commercial Temperature Range 



4 8 12 16 20 24 28 

los DRIFT (pA/C) 


Voltage Reference Broad-Band Op Amp Voltage 

Noise Distribution Noise Distribution 


Op Amp Current 
Noise Distribution 


10 ^10,000 Hz 







100 Hz 





0 4 8 1216 20 24 28 32 36 40 44 48 0 8 16243 

VOLTAGE NOISE 0*V RMS ) V0LTAGI 

Application Information 

VOLTAGE REFERENCE 
Reference Biasing 

The voltage reference is of a shunt regulator topology that 
models as a simple zener diode. With current l r flowing in 
the ‘forward’ direction there is the familiar diode transfer 
function. I r flowing in the reverse direction forces the refer- 
ence voltage to be developed from cathode to anode. The 
applied voltage to the cathode may range from a diode drop 
below V~ to the reference voltage or to the avalanche volt- 
age of the parallel protection diode, nominally 7V. A 6.3V 
reference with V + = 3V is allowed. 

|o| Il7 MA<lr*20mA 


1 ,2<Vro<6.3V A K FEEDBACK 
V 0~5. IV 


0 8 16 24 32 40 48 56 64 72 80 88! 
VOLTAGE NOISE (nV RMS /VlE) 


100 Hz 




1 


0 8 16243240485664 72808896 
CURRENT NOISE (fA RMS /Vfiz) 

TL/H/9221-13 


ence voltage. Varying that voltage, and so varying l r , has 
small effect with the equivalent series resistance of less 
than an ohm at the higher currents. Alternatively, an active 
current source, such as the LM134 series, may generate l r . 

Cathode 



m 


Anode 

TL/H/9221-15 

FIGURE 2. Reference Equivalent Circuit 


Anode 

TL/H/9221 -14 

FIGURE 1. Voltages Associated with Reference 
(Current Source l r is External) 

The reference equivalent circuit reveals how V r is held at 
the constant 1 .2V by feedback, and how the FEEDBACK pin 
passes little current. 

To generate the required reverse current, typically a resistor 
is connected from a supply voltage higher than the refer- 


100A4A|>38K 


Vro = Vr=1.2Vi 


FIGURE 3. 1.2V Reference 
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Application Information (Continued) 

Capacitors in parallel with the reference are allowed. See 
the Reference AC Stability Range curve for capacitance val- 
ues— from 20 juA to 3 mA any capacitor value is stable. With 
the reference’s wide stability range with resistive and capac- 
itive loads, a wide range of RC filter values will perform 
noise filtering. 

Adjustable Reference 

The FEEDBACK pin allows the reference output voltage, 
V ro , to vary from 1 .24V to 6.3V. The reference attempts to 
hold V r at 1.24V. If V r is above 1.24V, the reference will 
conduct current from Cathode to Anode; FEEDBACK cur- 
rent always remains low. If FEEDBACK is connected to An- 
ode, then V ro = V r = 1.24V. For higher voltages FEED- 
BACK is held at a constant voltage above Anode — say 
3.76V for V ro = 5V. Connecting a resistor across the con- 
stant V r generates a current I = R1/V r flowing from Cathode 
into FEEDBACK node. A Thevenin equivalent 3.76V is gen- 
erated from FEEDBACK to Anode with R2 = 3.76/1. Keep I 
greater than one thousand times larger than FEEDBACK 
bias current for <0.1% error— 1^32 juA for the military 
grade over the military temperature range (1^5.5 jaA for a 
1 % untrimmed error for a commercial part.) 

15V 



TL/H/9221-17 

FIGURE 4. Thevenin Equivalent of 
Reference with 5V Output 

15V 
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R1 = Vr/I = 1.24/32ja = 39k 
R2 = R1 {(Vro/Vr) - 1) = 39k {(5/1.24) - 1)} = 118k 
FIGURE 5. Resistors R1 and R2 Program 
Reference Output Voltage to be 5V 
Understanding that V r is fixed and that voltage sources, re- 
sistors, and capacitors may be tied to the FEEDBACK pin, a 
range of V r temperature coefficients may be synthesized. 


15V 



TL/H/9221-19 

FIGURE 6. Output Voltage has Negative Temperature 
Coefficient (TC) if R2 has Negative TC 


15V 



FIGURE 7. Output Voltage has Positive TC 
if R1 has Negative TC 



Voltage Across R1 and R2 to be Proportional 
to Absolute Temperature (PTAT) 

Connecting a resistor across Cathode-to-FEEDBACK cre- 
ates a 0 TC current source, but a range of TCs may be 
synthesized. 


>1+ 17 /iA 


V 

I? 


7^1 

„ Lb 5v 


TL/H/9221 -22 


I = Vr/R1 = 1.24/R1 

FIGURE 9. Current Source is Programmed by R1 
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Application Information (Continued) 



TL/H/9221 -23 

FIGURE 10. Proportional-to-Absolute- 
Temperature Current Source 


v 



TL/H/9221 -24 

FIGURE 11. Negative -TC Current Source 
Hysteresis 

The reference voltage depends, slightly, on the thermal his- 
tory of the die. Competitive micro-power products vary — al- 
ways check the data sheet for any given device. Do not 
assume that no specification means no hysteresis. 

OPERATIONAL AMPLIFIER 

The amp or the reference may be biased in any way with no 
effect on the other, except when a substrate diode conducts 
(see Guaranteed Electrical Characteristics Note 1). The 
amp may have inputs outside the common-mode range, 
may be operated as a comparator, or have all terminals 
floating with no effect on the reference (tying inverting input 
to output and non-inverting input to V~ on unused amp is 
preferred). Choosing operating points that cause oscillation, 
such as driving too large a capacitive load, is best avoided. 

Op Amp Output Stage 

The op amp, like the LM124 series, has a flexible and rela- 
tively wide-swing output stage. There are simple rules to 
optimize output swing, reduce cross-over distortion, and op- 
timize capacitive drive capability: 

1) Output Swing: Unloaded, the 42 juA pull-down will bring 
the output within 300 mV of V" over the military tempera- 
ture range. If more than 42 jaA is required, a resistor from 
output to V~ will help. Swing across any load may be 
improved slightly if the load can be tied to V + , at the cost 
of poorer sinking open-loop voltage gain. 


2) Cross-over Distortion: The LM61 1 has lower cross-over 
distortion (a 1 Vbe deadband versus 3 Vbe for the 
LM124), and increased slew rate as shown in the charac- 
teristic curves. A resistor pull-up or pull-down will force 
class-A operation with only the PNP or NPN output tran- 
sistor conducting, eliminating cross-over distortion. 

3) Capacitive Drive: Limited by the output pole caused by 
the output resistance driving capacitive loads, a pull- 
down resistor conducting 1 mA or more reduces the out- 
put stage NPN r e until the output resistance is that of the 
current limit 25 Ct. 200 pF may then be driven without os- 
cillation. 

Op Amp Input Stage 

The lateral PNP input transistors, unlike those of most op 
amps, have BVebo equal to the absolute maximum supply 
voltage. Also, they have no diode clamps to the positive 
supply nor across the inputs. These features make the in- 
puts look like high impedances to input sources producing 
large differential and common-mode voltages. 

Typical Applications 



* 1 0k must be low TL/H/9221 -28 

t.c. trim pot. 

FIGURE 12. Ultra Low Noise 10.00V Reference. 
Total Output Noise is Typically 14 jaVRMs- 
Adjust the 10k pot for 10.000V. 


Q1 



FIGURE 13. Simple Low Quiescent Drain Voltage 
Regulator. Total Supply Current is approximately 
320 juA when V| N = 5V, and output has no load. 


i 



i 
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Typical Applications (Continued) 



R1 , R2 should be 1 % metal film. 

R3 should be low t.c. trim pot. 

FIGURE 14. Slow Rise-Time Upon Power-Up, 
Adjustable Transducer Bridge Driver. 
Rise-time is approximately 0.5 ms. 



FIGURE 15. Low Drop-Out Voltage Regulator Circuit. 
Drop out voltage is typically 0.2V. 



~ TL/H/9221-32 

FIGURE 16. Nulling Bridge Detection System. Adjust sensitivity via 400 kft pot. 

Null offset with R1, and bridge drive with the 10k pot. 
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National Semiconductor 


LM613 Dual Operational Amplifiers, 

Dual Comparators, and Adjustable Reference 

Features 


General Description 

The LM613 consists of dual op-amps, dual comparators, 
and a programmable voltage reference in a 1 6-pin package. 
The op-amps out-performs most single-supply op-amps by 
providing higher speed and bandwidth along with low supply 
current. This device was specifically designed to lower cost 
and board space requirements in transducer, test, measure- 
ment, and data acquisition systems. 

Combining a stable voltage reference with wide output 
swing op-amps makes the LM613 ideal for single supply 
transducers, signal conditioning and bridge driving where 
large common-mode-signals are common. The voltage ref- 
erence consists of a reliable band-gap design that maintains 
low dynamic output impedance (1ft typical), excellent initial 
tolerance (0.6%), and the ability to be programmed from 
1 .2V to 6.3V via two external resistors. The voltage refer- 
ence is very stable even when driving large capacitive 
loads, as are commonly encountered in CMOS data acquisi- 
tion systems. 

As a member of National’s Super-BlockTM family, the 
LM613 is a space-saving monolithic alternative to a multi- 
chip solution, offering a high level of integration without sac- 
rificing performance. 


OP AMP 

■ Low operating current (Op Amp) 

■ Wide supply voltage range 

■ Wide common-mode range 

■ Wide differential input voltage 

■ Available in plastic package rated for Military Temp. 
Range Operation 

REFERENCE 

■ Adjustable output voltage 

■ Tight initial tolerance available 

■ Wide operating current range 

■ Tolerant of load capacitance 

Applications 

■ T ransducer bridge driver 

■ Process and mass flow control systems 

■ Power supply voltage monitor 

■ Buffered voltage references for A/D’s 


300 juA 
4V to 36V 
to (V+ - 1.8 V) 
±36V 


1.2V to 6.3V 
± 0 . 6 % 
17 jllA to 20 mA 


Connection Diagrams 



E Package Pinout 

-IN Comp Comp -IN 

Comp Out Out Comp 

0) 0) (4) (4) 


TL/H/9226-1 



| Comp (4) 


f +IN 

I Amp (3) 
-IN 

I Amp (3) 


Ordering Information 


Out Food 
Amp Back 


Cath- Out 
ode Amp 
(3) 


TL/H/9226-48 


Reference 
Tolerance & Vqs 

Temperature Range 

Package 

NSC 

Drawing 

Military 

— 55°C ^ T a <: + 125°C 

Industrial 

-40°C <^T a ^ +85°C 

Commercial 

0°C <; T a £ +70°C 

±0.6% 

80 ppm/°C Max. 

Vqs ^ 3-5 mV 

LM613AMN 

LM613AIN 

— 

16-Pin 
Molded DIP 

N16E 

LM613AMJ/883 
(Note 14) 

— 

— 

16-Pin 

Ceramic DIP 

J16A 

LM613AME/883 
(Note 1 4) 

— 

— 

20-Pin 

LCC 

E20A 

±2.0% 

1 50 ppm/°C Max. 
Vqs ^ 5.0 mV Max. 

LM613MN 

LM613IN 

LM613CN 

16-Pin 
Molded DIP 

N16E 

— 

LM613IWM 


16-Pin Wide 
Surface Mount 

M16B 
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Absolute Maximum Ratings (Note d 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Voltage on Any Pin Except Vr (referred to V - pin) 

(Note 2) 36V (Max) 

(Note 3) -0.3V (Min) 

Current through Any Input Pin & Vr Pin ± 20 mA 

Differential Input Voltage 

Military and Industrial ± 36V 

Commercial ± 32V 

Storage Temperature Range -65°C <Tj<. + 150°C 
Maximum Junction T emperature (Note 4) 1 50°C 


Thermal Resistance, Junction-to-Ambient (Note 5) 

N Package 100°C/W 

WM Package 150°C/W 

Soldering Information (10 Seconds) 

N Package 260°C 

WM Package 220°C 

ESD T olerance (Note 6) ± 1 kV 


Operating Temperature Range 

LM613AI, LM613BI -40°CtO+85°C 

LM613AM, LM613M -55°Cto + 125°C 

LM613C 0“C i Tj <: +70”C 


Electrical Characteristics These specifications apply for V~ = GND = 0V, V+ = 5V, Vcm = Vqut 
Ir = 100 jaA, FEEDBACK pin shorted to GND, unless otherwise specified. Limits in standard typeface are for Tj = 25‘ 

in boldface type apply over the Operating Temperature Range. 


= 2.5V, 
C; limits 


Symbol 


Conditions 




OPERATIONAL AMPLIFIERS 


Vos Over Supply 

4V £ V+ £ 36V 

(4V SV+S 32V for LM613C) 

Vqs Over Vcm 

Vqm = 0V through V C m = 

(V+ - 1.8V), V+ = 30V, V- = 0V 



Average Vqs Drift 
Input Bias Current 


Iqs Input Offset Current 


Iqsi Average Offset Current 
AT 


jnV/°C 

(Max) 

nA (Max) 
nA (Max) 




Input Resistance 

Differential 

Input Capacitance 

Common-Mode 


e n 

Voltage Noise 

f = 100 Hz, Input Referred 

In 

Current Noise 

f = 100 Hz, Input Referred 

CMRR 

Common-Mode 

V+ = 30V, 0V ^ V CM ^ (V + - 1.8V) 


Rejection Ratio 

CMRR = 20 log (AV C m/AV 0 s) 

PSRR 

Power Supply 

4V <; V+ :£ 30V, V CM = V+/2, 


Rejection Ratio 

PSRR = 20 log (AV+/V 0 s) 




































Electrical Characteristics These specifications apply for v- = GND = OV, V+ = 5V, V C M ^ V 0 ut - 2.5V, 

Ir = 100 julA, FEEDBACK pin shorted to GND, unless otherwise specified. Limits in standard typeface are for Tj = 25°C; limits 
in boldface type apply over Operating Temperature Range. (Continued) 

Symbol 

Parameter 

Conditions 

Typical 
(Note 7) 

LM613AM 

LM613AI 
Limits 
(Note 8) 

LM613M 

LM613I 

LM613C 
Limits 
(Note 8) 

Units 

OPERATIONAL AMPLIFIERS (Continued) 

SR 

Slew Rate 

V+ = 30V (Note 9) 

0.70 

0.55 

0.50 

V//..e 




0.65 

0.45 

0.45 


GBW 

Gain Bandwidth 

C L = 50 pF 

0.8 



MHz 




0.5 



MHz 

Voi 

Output Voltage 

R l = 10 kfl to GND, 

1 

+ 

> 

N- 

1 

+ 

> 

< 

+ 

1 

bo 

V (Min) 


Swing High 

V+ = 36V (32V for LM61 3C) 

V + - 1.6 

V + - 1.9 

V + - 1.9 

V (Min) 

V 02 

Output Voltage 

R l = 10 kfl to V + , 

V~ + 0.8 

V- + 0.9 

V- + 0.95 

V (Max) 


Swing Low 

V+ = 36V (32V for LM61 3C) 

V - + 0.9 

v- + 1.0 

V - + 1.0 

V (Max) 

■our 

Output Source Current 

V O UT = 2-5V,V + |n = 0V, 

25 

20 

16 

mA (Min) 



V-| N = -0.3V 

15 

13 

13 

mA (Min) 

•sink 

Output Sink Current 

V 0 UT= 1.6V,V+| N = 0V, 

17 

14 

13 

mA (Min) 



V-| N = 0.3V 

9 

8 

8 

mA (Min) 

•short 

Short Circuit Current 

V 0 UT = OV.V+in = 3V, 

30 

50 

50 

mA (Max) 



V - in = 2V 

40 

60 

60 

mA (Max) 



V0UT = 5V,V+| N = 2V, 

30 

60 

70 

mA (Max) 



V - in = 3V 

32 

?0 

90 

mA (Max) 

COMPARATORS 

Vos 

Offset Voltage 

4V ^ V+ <; 36V (32V for LM613C), 

1.0 

3.0 

5.0 

mV (Max) 



R l = 15 kfl 

2.0 

6.0 

7.0 

mV (Max) 

Vos 

Offset Voltage 

0V ^ V CM ^ 36V 

1.0 

3.0 

5.0 

mV (Max) 

VcM 

over Vqm 

V+ = 36V, (32V for LM61 3C) 

I- 5 

6.0 

7.0 

mV (Max) 

Vos 

Average Offset 


15 



j u,V/°C 

AT 

Voltage Drift 





(Max) 

•b 

Input Bias Current 


5 

25 

35 

nA (Max) 




8 

30 

40 

nA (Max) 

•os 

Input Offset Current 


0.2 

4 

4 

nA (Max) 




0.3 

5 

5 

nA (Max) 

Ay 

Voltage Gain 

R l = 1 0 kfl to 36V (32V for LM61 3C) 

500 



V/mV 



2V ^ VquT ^ 27V 

100 



V/mV 

tr 

Large Signal 

V+in = 1.4V, V~ in = TTL Swing, 

1.5 



JU.S 


Response Time 

R l = 5.1 kfl 

2.0 



JLtS 

•sink 

Output Sink Current 

V+| N = 0V, V-| N =* IV, 

20 

10 

10 

mA (Min) 



V 0 UT = 1-5V 

13 

8 

8 

mA (Min) 



Vqut = 0.4V 

2.8 

1.0 

0.8 

mA (Min) 




2.4 

0.5 

0.5 

mA(Min) 

•leak 

Output Leakage 

> 

0 

II 

z 

1 

> 

> 

II 

z 

+ 

> 

0.1 

10 

10 

ju.A (Max) 


Current 

Vqut = 36V (32V for LM613C) 

0.2 



ju.A (Max) 

V ■ . 
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Electrical Characteristics These specifications apply for V~ = GND - OV, V+ — 5V, Vqm = Vqut = 2.5V, 
Ir = 100 julA, FEEDBACK pin shorted to GND, unless otherwise specified. Limits in standard typeface are for Tj = 25 # C; limits 

in boldface type apply over Operating Temperature Range. (Continued) 


Symbol 

Parameter 

Conditions 

Typical 
(Note 7) 

LM613AM 
LM613AI 
Limits 
(Note 8) 

LM613M 
LM613I 
LM613C 
Limits 
(Note 8) 

Units 

VOLTAGE REFERENCE 

Vr 

Voltage Reference 

(Note 10) 

1.244 


1.2191 

1.2689 

(±2%) 

V (Min) 

V (Max) 

AVr 

AT 

Average Temp. Drift 

(Note 11) 

10 

80 

150 

ppm/°C 

(Max) 

AVr 

ATj 

Hysteresis 

(Note 12) 

3.2 



ixvrc 

AVr 

AIr 

Vr Change 
with Current 

Vr(IOOjliA) - Vr(-|7 jxA) 

0.05 

O.l 

1 

1.1 

H 

mV (Max) 
mV (Max) 

VR(iOmA) ~ Vr(ioo^A) 

(Note 13) 

1.5 

2.0 

5 

5.5 

| 

mV (Max) 
mV (Max) 

R 

Resistance 

AVr(io -► o.l mA)/9-9 

AVr( 10 o-» 17^/83 pA 

0.2 

0.6 

0.56 

13 

0.56 

13 

a (Max) 
a (Max) 

Vr 

AVrq 

Vr Change 
with High Vro 

VR(Vro = Vr) “ V R (v ro = 6.3V) 
(5.06V between Anode and 
FEEDBACK) 

2.5 

2.8 

7 

io 

H 

mV (Max) 
mV (Max) 

Vr 

AV+ 

Vr Change with 
Vanode Change 

S , -P / ti2^o7fcc) 36V) 

0.1 

0.1 

1.2 

1.3 

1.2 

1.3 

mV (Max) 
mV (Max) 

V R(V+ =5 V) “ V R(V+ = 3V) 

0.01 

0.01 

■■ 

M 

mV (Max) 
mV (Max) 

•fb 

FEEDBACK Bias 
Current 

Vanode ^ v FB ^ 5.06V 

22 

29 

35 

40 

50 

55 

nA (Max) 
nA (Max) 

e n 

Vr Noise 

10 Hz to 10 kHz, 

Vro = Vr 

30 



/aVr M s 


Note 1: Absolute maximum ratings indicate limits beyond which damage to the component may occur. Electrical specifications do not apply when operating the 
device beyond its rated operating conditions. 


Note 2: Input voltage above V+ is allowed. As long as one input pin voltage remains inside the common-mode range, the comparator will deliver the correct output. 
Note 3: More accurately, it is excessive current flow, with resulting excess heating, that limits the voltages on all pins. When any pin is pulled a diode drop below 
V~, a parasitic NPN transistor turns ON. No latch-up will occur as long as the current through that pin remains below the Maximum Rating. Operation is undefined 
and unpredictable when any parasitic diode or transistor is conducting. 

Note 4: Simultaneous short-circuit of multiple comparators while using high supply voltages may force junction temperature above maximum, and thus should not 
be continuous. 

Note 5: Junction temperature may be calculated using Tj = Ta + Pq #ja- The given thermal resistance is worst-case for packages in sockets in still air. For 
packages soldered to copper-clad board with dissipation from one comparator or reference output transistor, nominal 0 ja is 90°C/W for the N package, and 
1 35®C/W for the WM package. 

Note 6: Human body model, 100 pF discharged through a 1.5 kH resistor. 

Note 7: Typical values in standard typeface are for Tj = 25°C; values in bold face type apply for the full operating temperature range. These values represent the 
most likely parametric norm. 

Note 8: All limits are guaranteed at room temperature (standard type face) or at operating temperature extremes (bold type face). 

Note 9: Slew rate is measured with the op amp in a voltage follower configuration. For rising slew rate, the input voltage is driven from 5V to 25 V, and the output 
voltage transition is sampled at 10V and @ 20V. For falling slew rate, the input voltage is driven from 25V to 5 V, and the output voltage transition is sampled at 20V 
and 10V. 

Note 10: Vr is the Cathode-to-feedback voltage, nominally 1 .244V. 

Note 11: Average reference drift is calculated from the measurement of the reference voltage at 25°C and at the temperature extremes. The drift, in ppm/°C, is 
1 0 6 *AVr/(Vr[ 25 °c]*ATj), where AVr is the lowest value subtracted from the highest, Vr[ 2 5 °c] is the value at 25°C, and ATj is the temperature range. This 
parameter is guaranteed by design and sample testing. 

Note 12: Hysteresis is the change in Vr caused by a change in Tj, after the reference has been “dehysterized”. To dehysterize the reference; that is minimize the 
hysteresis to the typical value, its junction temperature should be cycled in the following pattern, spiraling in toward 25°C: 25°C, 85°C, -40°C, 70°C, 0°C, 25®C. 
Note 13: Low contact resistance is required for accurate measurement. 

Note 14: A military RETS 613AMX electrical test specification is available on request. The Military screened parts can also be procured as a Standard Military 
Drawing. 
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Typical Performance Characteristics (Reference) 

Tj = 25°C, FEEDBACK pin shorted to V~ = OV, unless otherwise noted 


Reference Voltage vs Temp. 



JUNCTION TEMPERATURE (C) 


Reference Voltage Drift 



TIME (Hours) 


Accelerated Reference 



TIME BIASED AT 150°C (hrs) 


Reference Voltage vs 
Current and Temperature 



Reference Voltage vs 
Current and Temperature 



S 


% 

i 


Reference Voltage vs 
Reference Current 


V 

— 

0” 

v r 



























12! 

3 




-55 

25 

125 

°C_ 

°c 

°c 





J 




f 

12! 

5°C 


-5 

>°C 

A 



25°C 

-55°C 




-10 -0.1 ±0.001/0.1 10 


REFERENCE CURRENT (mA) 


REFERENCE CURRENT (mA) 


REFERENCE CURRENT (mA) 


S 


Reference Voltage vs 



-10 -0.1 ±0.001 0.1 10 
REFERENCE CURRENT (mA) 


Reference AC 
Stability Range 



0.001 0.01 0.1 1 10 100 
REFERENCE SHUNT CURRENT (mA) 


FEEDBACK Current vs 
FEEDBACK-to-Anode Voltage 



Reference Noise Voltage 
vs Frequency 



FEEDBACK Current vs 
FEEDBACK-to-Anode Voltage 



-1 0 1 2 3 4 5 6 10 20 30 40 


ANODE - TO - FEEDBACK VOLTAGE (V) 


Reference Small-Signal 
Resistance vs Frequency 



FREQUENCY (kHz) 

TL/H/9226-5 
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Typical Performance Characteristics (Op Amps) (Continued) 

V+ = 5V, V- = GND = OV, V CM = V+/2, Vqut = V+/2, Tj = 25 6 C, unless otherwise noted 


Output Source Current vs 
Output Voltage and Temp. 

20 

I 2.8 ^V 4 2536V 
10 ^NEGATIVE INPUT = \T 


1 -3 -2 -1 T 

SUPPLY REFERENCED V 0UT (V) 


Output Sink Current vs 
Output Voltage 


0 1 2 3 28 29 30 

V , x V 4 

OUTPUT VOLTAGE (V) 


Output Swing 
Large Signal 


■■ 

ijfg| 

1111 

II 

liwi 

ill 

II 

III! 


II 

m\ 

mi 

II 

III! 

mu 

wsm 

■Jjj] 

iSI 


FREQUENCY (kHz) 


Output Impedance vs 
Frequency and Gain 


0.01 0.1 1 10 100 1000 
FREQUENCY (kHz) 


Small Signal Pulse 
Response vs Temp. 


0 2 4 6 8 10 

TIME (ji s) 


Small-Signal Pulse 
Response vs Load 


■unn II 


Op Amp Voltage Noise 
vs Frequency 


fcUl lilMHIl 


■in 

1111111*1111 

hiiihin 


■■IIIIIHHII 

IIIIIIIIBMIII 

fiiiiiiiimiii 

iiiiiiimin 

llll Hill 


Hill 


FREQUENCY (Hz) 


Op Amp Current Noise 
vs Frequency 


Mill 


■linn 

iliilili 

min 

Hlllllllll 

■II 


FREQUENCY (Hz) 


Small-Signal Voltage Gain vs 
Frequency and Temperature 


-55C V+ = 15V 

r-25C V- = - 1 5V 

Sr125C h-+— 


Small-Signal Voltage Gain 
vs Frequency and Load 


Follower Small-Signal 
Frequency Response 


Common-Mode Input 
Voltage Rejection Ratio 


(■■■HIS 


—igi Emataa 


0.01 1 100 10k 

FREQUENCY (Hz) 


mm 

m\ 

\m 

H 


o w 


20 50 100 200 500 1000 2000 

FREQUENCY (kHz) 


60H 100 10 MA 

An LI aFQnTI 


0.01 1 100 10k IM 

FREQUENCY (Hz) 


PHASE SHIFT (DEG) 
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Comparator 

Response Times— Non-Inverting 
Input, Positive Transition 



0 05 1 15 2 25 3 35 4 


Time (jis) 

TL/H/9226-14 


Comparator 

Response Times— Non-Inverting 
Input, Negative Transition 



0 05 1 15 2 25 3 35 4 


Time (jis) 

TL/H/9226-15 



Comparator 

Response Times— Inverting 
Input, Positive Transition 



0 0.2 04 0.6 05 15 \2 14 1.6 15 


Time (/is) 

TL/H/9226-16 


Comparator 

Response Times— Inverting 
Input, Negative Transition 



0 02 04 0.6 05 1.0 M 14 1.6 15 


Time Ca*s) 

TL/H/9226-17 
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Typical Performance Characteristics (Comparators) (Continued) 


Comparator 

Response Times— Non-Inverting 
Input, Positive Transition 



TL/H/9226-18 


Time (/xs) 

Typical Performance Distributions 

Average Vos Drift 
Military Temperature Range 



Vos DRIFT OiV/C) 


Average Vqs Drift 
Commercial Temperature Range 



Vos DRIFT (/xV/C) 


> 15 

S 10 

c 

> 5 

l 0 

> 

’ -5 

o 

‘ -10 
-15V 
5V ; 
r 0 
-5V 


Comparator 

Response Times — Non-Inverting 
Input, Negative Transition 



■ 





15V 

J— 


n 








r 

5V 




1 




1 




L 

♦ti 

>5°C 

1 _ | 









A 

1 

7= 

5°C 






+25°C 



— 




p- — 


rt 







F- 



0 02 0 A 0.6 OB 1.0 \2 14 1.6 1 B 
Time (/xs) 

TL/H/9226-19 


Average Vqs Drift 
Industrial Temperature Range 



Vos DRIFT OxV/C) 


Average Iqs Drift 
Military Temperature Range 



los DRIFT (pA/C) 


TL/H/9226-22 


TL/H/9226-23 
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Typical Performance Distributions (Continued) 

Average Iqs Drift 
Industrial Temperature Range 



0 4 8 12 16 20 24 28 

los DRIFT (pA/C) 


Op Amp Voltage 
Noise Distribution 


100 Hz 

Amps 1, 2, 3, 4 





0 8 16 2432 40485664 72 808896 
VOLTAGE NOISE (nV RMS /VHz) 


Average Iqs Drift 
Commercial Temperature Range 



0 4 8 12 16 20 24 28 

los DRIFT (pA/C) 


Op Amp Current 
Noise Distribution 

1 1100 Hz ~” 

Amps 1, 2, 3, 4 


0 8 162432 4048566472808896 
CURRENT NOISE (fA RMS /VHz) 


Voltage Reference Broad-Band 
Noise Distribution 


10 2 Sf ^10,000 Hz 


I 



0 4 8 12162024283236404448 
VOLTAGE NOISE (/zV RMS ) 


Application Information 

VOLTAGE REFERENCE 
Reference Biasing 

The voltage reference is of a shunt regulator topology that 
models as a simple zener diode. With current l r flowing in 
the “forward” direction there is the familiar diode transfer 
function. l r flowing in the reverse direction forces the refer- 
ence voltage to be developed from cathode to anode. The 
cathode may swing from a diode drop below V - to the ref- 
erence voltage or to the avalanche voltage of the parallel 
protection diode, nominally 7V. A 6.3V reference with V+ = 
3V is allowed. 

jc) |l7^A<lr<20mA 


1.2<Vro<6.3V, 


Vr = 1.2V 

- 1 - FEEDBACK 
0~5. IV 


Anode committed to V" 

TL/H/9226-29 

FIGURE 1. Voltage Associated with Reference 
(current source l r is external) 
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Application Information (Continued) 

The reference equivalent circuit reveals how V r is held at 
the constant 1 .2V by feedback, and how the FEEDBACK pin 
passes little current. 

To generate the required reverse current, typically a resistor 
is connected from a supply voltage higher than the refer- 
ence voltage. Varying that voltage, and so varying l r , has 
small effect with the equivalent series resistance of less 
than an ohm at the higher currents. Alternatively, an active 
current source, such as the LM134 series, may generate l r . 


Cathode 



TL/H/9226-30 

FIGURE 2. Reference Equivalent Circuit 


5V 



TL/H/9226-31 

FIGURE 3. 1.2 V Reference 

Capacitors in parallel with the reference are allowed. See 
the Reference AC Stability Range typical curve for capaci- 
tance values— -from 20 juA to 3 mA any capacitor value is 
stable. With the reference’s wide stability range with resis- 
tive and capacitive loads, a wide range of RC filter values 
will perform noise filtering. 

Adjustable Reference 

The FEEDBACK pin allows the reference output voltage, 
Vro> to vary from 1 .24V to 6.3V. The reference attempts to 
hold V r at 1.24V. If V r is above 1.24V, the reference will 
conduct current from Cathode to Anode; FEEDBACK cur- 
rent always remains low. If FEEDBACK is connected to An- 
ode, then V ro = V r = 1 .24V. For higher voltages FEED- 
BACK is held at a constant voltage above Anode — say 
3.76V for V ro = 5V. Connecting a resistor across the cons- 
tant V r generates a current 1 = R1/V r flowing from Cathode 
into FEEDBACK node. A Thevenin equivalent 3.76V is gen- 
erated from FEEDBACK to Anode with R2 = 3.76/1. Keep I 
greater than one thousand times larger than FEEDBACK 
bias current for <0.1% error— 1^32 jaA for the military 
grade over the military temperature range (1^5.5 juA for a 
1 % untrimmed error for a commercial part). 


15V 



TL/H/9226-32 

FIGURE 4. Thevenin Equivalent of Reference 
with 5V Output 



R1 

39k 

1 1 = 32 mA 

R2 

118k 


TL/H/9226-33 


R1 = Vr/I = 1.24/32jm = 39k 

R2 = R1 {(Vro/Vr) - 1} = 39k {(5/1.24) - 1)j = 118k 

FIGURE 5. Resistors R1 and R2 Program Reference 
Output Voltage to be 5V 

Understanding that V r is fixed and that voltage sources, re- 
sistors, and capacitors may be tied to the FEEDBACK pin, a 
range of V r temperature coefficients may be synthesized. 


15V 



FIGURE 6. Output Voltage has Negative Temperature 
Coefficient (TC) if R2 has Negative TC 


15V 



FIGURE 7. Output Voltage has Positive TC 
if R1 has Negative TC 


i 


J 
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Application Information (Continued) 


15V 



FIGURE 8. Diode in Series with R1 Causes Voltage 
Across R1 and R2 to be Proportional to Absolute 
Temperature (PTAT) 

Connecting a resistor across Cathode-to-FEEDBACK cre- 
ates a 0 TC current source, but a range of TCs may be 
synthesized. 


v 



v 


TL/H/9226-37 


I = Vr/RI = 1.24/R1 

FIGURE 9. Current Source is Programmed by R1 



TL/H/9226-38 

FIGURE 10. Proportional-to-Absolute-Temperature 
Current Source 



TL/H/9226-39 

FIGURE 11. Negative-TC Current Source 


Reference Hysteresis 

The reference voltage depends, slightly, on the thermal his- 
tory of the die. Competitive micro-power products vary— 
always check the data sheet for any given device. Do not 
assume that no specification means no hysteresis. 
OPERATIONAL AMPLIFIERS AND COMPARATORS 
Any amp, comparator, or the reference may be biased in 
any way with no effect on the other sections of the LM613, 
except when a substrate diode conducts (see Electrical 
Characteristics Note 1). For example, one amp input may be 
outside the common-mode range, another amp may be op- 
erating as a comparator, and all other sections may have all 
terminals floating with no effect on the others. Tying invert- 
ing input to output and non-inverting input to V~ on unused 
amps is preferred. Unused comparators should have non-in- 
verting input and output tied to V+, and inverting input tied 
to V“. Choosing operating points that cause oscillation, 
such as driving too large a capacitive load, is best avoided. 
Op Amp Output Stage 

These op amps, like the LM124 series, have flexible and 
relatively wide-swing output stages. There are simple rules 
to optimize output swing, reduce cross-over distortion, and 
optimize capacitive drive* capability: 

1) Output Swing: Unloaded, the 42 fxA pull-down will bring 
the output within 300 mV of V - over the military temper- 
ature range. If more than 42 ju,A is required, a resistor 
from output to V~ will help. Swing across any load may 
be improved slightly if the load can be tied to V+, at the 
cost of poorer sinking open-loop voltage gain. 

2) Cross-Over Distortion: The LM613 has lower cross-over 
distortion (a 1 Vbe deadband versus 3 Vbe for the 
LM124), and increased slew rate as shown in the char- 
acteristic curves. A resistor pull-up or pull-down will force 
class-A operation with only the PNP or NPN output tran- 
sistor conducting, eliminating cross-over distortion. 

3) Capacitive Drive: Limited by the output pole caused by 
the output resistance driving capacitive loads, a pull- 
down resistor conducting 1 mA or more reduces the out- 
put stage NPN r e until the output resistance is that of the 
current limit 25ft. 200 pF may then be driven without 
oscillation. 

Comparator Output Stage 

The comparators, like the LM139 series, have open-collec- 
tor output stages. A pull-up resistor must be added from 
each output pin to a positive voltage for the output transistor 
to switch properly. When the output transistor is OFF, the 
output voltage will be this external positive voltage. 

For the output voltage to be under the TTL-low voltage 
threshold when the output transistor is ON, the output cur- 
rent must be less than 8 mA (over temperature). This im- 
pacts the minimum value of pull-up resistor. 

The Offset voltage may increase when the output voltage is 
low and the output current is less than 30 juA. Thus, for best 
accuracy, the pull-up resistor value should be low enough to 
allow the output transistor to sink more than 30 p,A. 

Op Amp and Comparator input Stage 
The lateral PNP input transistors, unlike those of most op 
amps, have BVebo equal t0 the absolute maximum supply 
voltage. Also, they have no diode clamps to the positive 
supply nor across the inputs. These features make the in- 
puts look like high impedances to input sources producing 
large differential and common-mode voltages. 
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Typical Applications 


*10k must be low 
t.c. trimpot 



TL/H/9226-40 

FIGURE 12. High Current, High Voltage Switch 



” TL/H/9226-41 

FIGURE 13. High Speed Level Shifter. Response time is approximately 
1.5 jus, where output is either approximately + V or - V. 



TL/H/9226-42 

FIGURE 14. Low Voltage Regulator. Dropout voltage is approximately 0.2V. 



TL/H/9226-43 

FIGURE 15. Ultra Low Noise, 10.00V Reference. Total output noise is typically 14 juVrms- 




Typical Applications (Continued) 



FIGURE 16. Basic Comparator 



FIGURE 17. Basic Comparator with External Strobe 



Comparator with TTL Output 



TL/H/9226-47 


FIGURE 19. Comparator with 
Hysteresis (A V H = +V(1k/1M)) 




National Semiconductor 

LM614 Quad Operational Amplifier 
and Adjustable Reference 

General Description 

The LM614 consists of four op-amps and a programmable 
voltage reference in a 1 6-pin package. The op-amp out-per- 
forms most single-supply op-amps by providing higher 
speed and bandwidth along with low supply current. This 
device was specifically designed to lower cost and board 
space requirements in transducer, test, measurement and 
data acquisition systems. 

Combining a stable voltage reference with four wide output 
swing op-amps makes the LM614 ideal for single supply 
transducers, signal conditioning and bridge driving where 
large common-mode-signals are common. The voltage ref- 
erence consists of a reliable band-gap design that maintains 
low dynamic output impedance (in typical), excellent initial 
tolerance (0.6%), and the ability to be programmed from 
1 .2V to 6.3V via two external resistors. The voltage refer- 
ence is very stable even when driving large capacitive 
loads, as are commonly encountered in CMOS data acquisi- 
tion systems. 

As a member of National’s new Super-BlockTM family, the 
LM614 is a space-saving monolithic alternative to a multi- 
chip solution, offering a high level of integration without sac- 
rificing performance. 

Connection Diagram 




TL/H/9326-1 


Ordering Information 


Reference 
Tolerance & Vqs 

Temperature Range 

Package 

NSC 

Drawing 

Military 

-55°C£T A £ +125°C 

Industrial 

-40°C <; T a ^ + 85°C 

Commercial 

0°C £ T a ^ +70°C 

±0.6%@ 

80 ppm/°C max 

Vqs ^ 3.5 mV max 

LM614AMN 

LM614AIN 

— 

16-pin 
Molded DIP 

N16E 

LM614AMJ/883 
(Note 13) 

— 

— 

16-pin 

Ceramic DIP 

J16A 

±2.0%@ 

1 50 ppm/°C max 
Vqs ^ 5.0 mV 

LM614MN 

LM614BIN 

LM614CN 

16-pin 
Molded DIP 

N16E 

— 

LM614WM 

LM614CWM 

16-pin Wide 
Surface Mount 

M16B 


Features 

Op Amp 

■ Low operating current 300 /xA 

■ Wide supply voltage range 4V to 36V 

■ Wide common-mode range V - to (V+ - 1.8V) 

■ Wide differential input voltage ± 36V 

■ Available in plastic package rated for Military Tempera- 
ture Range Operation 

Reference 

■ Adjustable output voltage 1.2V to 6.3V 

■ Tight initial tolerance available ±0.6% 

■ Wide operating current range 17 ju,A to 20 mA 

■ Tolerant of load capacitance 

Applications 

■ Transducer bridge driver and signal processing 

■ Process and mass flow control systems 

■ Power supply voltage monitor 

■ Buffered voltage references for A/D’s 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Maximum Junction Temperature 150°C 

please contact the National Semiconductor Sales Thermal Resistance, Junction-to-Ambient (Note 4) 

Office/Distributors for availability and specifications. N Package 100°C 

Voltage on Any Pins except Vr WM Package 1 50°C 

(referred to V - pin) Soldering Information (Soldering, 10 seconds) 

(Note 2) 36V (Max) N Package 260°C 

(Note 3) -0.3V (Min) WM Package 220°C 

Current through Any Input Pin & V R Pin ± 20 mA ES d Tolerance (Note 5) ± 1 kV 

Differential Input Voltage 

Military and industrial +36V Operating Temperature Range 

Commercial ±32V LM614AI, LM614I, LM614BI -40"C < Tj S +85“C 

Storage Temperature Range -65°C £ Tj £ +1 50°C LM61 4AM, LM61 4M - 55°C £ Tj <; +1 25°C 

LM614C 0°C ^ Tj ^ +70°C 

Electrical Characteristics 

These specifications apply for V~ = GND = 0V, V+ = 5V, Vcm = v OUT = 2.5V, Ir = 100 pA, FEEDBACK pin shorted to 
GND, unless otherwise specified. Limits in standard typeface are for Tj = 25°C; limits in boldface type apply over the 

Operating Temperature Range. 





LM614AM 

LM614M 






LM614AI 

LM614BI 


Symbol 

Parameter 

Conditions 

Typical 

Limits 

LM614I 

Units 




(Note 6) 

(Note 7) 

LM614C 







Limits 







(Note 7) 


Is 

Total Supply 

Rload =°°. 

450 

940 

1000 

julA max 


Current 

4V <; V+ ^ 36V (32V for LM614C) 

550 

lOOO 

1070 

fiA max 




MIIM 



V min 







V min 






32 

V max 






32 

V max 








mV max 







mV max 

V<DS2 

Vos Over Vcm 

Vcm = OV through V C m = 

1.0 

3.5 

5.0 

mV max 



(V+ - 1.8V), V+ = 30V 

1.5 

6.0 

7.0 

mV max 

V<DS3 

Average Vqs Drift 

(Note 7) 

15 




AT 







Ib 

Input Bias Current 


10 



nA max 




11 



nA max 

•os 

Input Offset Current 



4 


nA max 





5 


nA max 

•osi 

Average Offset 


4 




AT 

Drift Current 





pA/°C 

Rin 

Input Resistance 

Differential 




Ma 



Common-Mode 






Input Capacitance 

Common-Mode Input 

5.7 



PF 


Voltage Noise 

f = 100 Hz, Input Referred 

74 



nV/VHz 


Current Noise 

f = 100 Hz, Input Referred 

58 



fA/A/Hz 

CMRR 

Common-Mode 

V+ = 30V, 0V £ V CM ^ (V+ - 1.8V), 

95 


75 

dB min 


Rejection Ratio 

CMRR = 20 log (AV C m/AV 0 s) 

90 

— 

70 

dB min 

PSRR 

Power Supply 

4V <. V + ^ 30V, Vcm = V+/2, 

110 

KB 

75 

dB min 


Rejection Ratio 

PSRR = 20 log (AV+/AV 0 s) 

100 

n 

70 

dB min 


Open Loop 

R l = 10 kH to GND, V+ = 30V, 

500 

■ 

94 

V/mV 


Voltage Gain 

5V <£ V 0 UT ^ 25V 

50 

wEm 

40 

min 
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Electrical Characteristics (Continued) 

These specifications apply for V~ = GND = OV, V+ = 5V, Vqm = Vout = 2,5V ’ ! R = 100 FEEDBACK pin shorted to 
GND, unless otherwise specified. Limits in standard typeface are for Tj = 25°C; limits in boldface type apply over the 

Operating Temperature Range. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 6) 

LM614AM 

LM614AI 
Limits 
(Note 8) 

LM614M 

LM614BI 

LM614I 

LM614C 

Limits 
(Note 8) 

Units 


Slew Rate 

V+ = 30 V (Note 8) 












GBW 

Gain Bandwidth 

C L = 50 pF 

S3 









4 

■59 

V 0 1 

Output Voltage 

R L = 10 kft to GND 

■ B 

< 

+ 

1 

V+ - 1.8 

V min 


Swing High 

V+ = 36V (32V for LM614C) 


V+ - 1.9 

V+ - 1.9 

V min 

V 0 2 

Output Voltage 

R L = 10 kfi to V+ 

V- + 0.8 

V- + 0.9 

V- + 0.95 

V max 


Swing Low 

V+ = 36V (32V for LM614C) 

v- + 0.9 

v- + 1.0 

V- + 1.0 

Vmax 

•out 

Output Source 

V 0U T = 2.5V, V+ in = 0V, 

25 

20 

16 

mAmin 



V_| N = -0.3V 

15 

13 

13 

mA min 

•sink 

Output Sink 

VoUT “ 1 -6V, V+ in = OV, 

17 

14 

13 

mAmin 


Current 

V_|N = 0.3V 

9 

8 

8 

mAmin 

•short 

Short Circuit Current 

V 0 UT = 0V,V + | N = 3V, 

30 

50 

50 

mA max 



V—in — 2 V, Source 

40 

60 

60 

mAmax 





60 


mA max 





80 


mAmax 


VOLTAGE REFERENCE 




AVro 

AVr 



VR(Vro = Vr) “ VR(Vro = 6.3V) 
(5.06V between Anode and 
FEEDBACK) 


Vr Change with V R(V + = 5V) “ V R(V + = 36V) 




AV+ V+ Change 


<V+ = 32V for LM614C) 

0.1 

v R(V + = 5V) ~ V R (v + = 3V) 

0.01 



0.01 


1.5 


1.5 


•fb 


FEEDBACK Bias 
Current 


v ANODE ^ V FB ^ 5.06V 


22 

29 


35 

40 


50 

55 


V min 

V max 

PPM/°C 

max 

ftV/°C 

mV max 
mV max 

mV max 
mV max 

ft max 
ft max 

mV max 
mV max 

mV max 
mV max 

mV max 
mV max 

nA max 
nA max 
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Electrical Characteristics (Continued) 

Note 1: Absolute maximum ratings indicate limits beyond which damage to the component may occur. Electrical specifications do not apply, when operating the 
device beyond its rated operating conditions. 

Note 2: Input voltage above V+ is allowed. 

Note 3: More accurately, it is excessive current flow, with resulting excess heating, that limits the voltages on all pins. When any pin is pulled a diode drop below 
V~, a parasitic NPN transistor turns ON. No latch-up will occur as long as the current through that pin remains below the Maximum Rating. Operation is undefined 
and unpredictable when any parasitic diode or transistor is conducting. 

Not® 4: Junction temperature may be calculated using Tj = T A + P D 0 jA . The given thermal resistance is worst-case for packages in sockets in still air. For 
packages soldered to copper-clad board with dissipation from one comparator or reference output transistor, nominal 0j A are 90°C/W for the N package, WM 
package. 

Note 5: Human body model, 100 pF discharged through a 1.5 ka resistor. 

Note 6: Typical Values in standard typeface are for Tj = 25°C; values in boldface type apply for the full operating temperature range. These values represent 
the most likely parametric norm. 

Note 7: All limits are guaranteed at room temperature (standard type face) or at operating temperature extremes (bold type face). 

Note 8: Slew rate is measured with op amp in a voltage follower configuration. For rising slew rate, the input voltage is driven from 5V to 25V, and the output 
voltage transition is sampled at 10V and @20V. For falling slew rate, the input voltage is driven from 25V to 5V, and the output voltage transition is sampled at 20V 
and 10 V. 

Note 9: Vr is the Cathode-feedback voltage, nominally 1 .244V. 

Note 10: Average reference drift is calculated from the measurement of the reference voltage at 25°C and at the temperature extremes. The drift, in ppm/°C, is 
10 6 «AVr/(Vr[25°c] •ATj), where AVr is the lowest value subtracted from the highest, Vr[ 2 5 «c] is the value at 25°C, and ATj is the temperature range. This 
parameter is guaranteed by design and sample testing. 

Note 11: Hysteresis is the change in Vr caused by a change in Tj, after the reference has been “dehysterized”. To dehysterize the reference; that is minimize the 
hysteresis to the typical value, cycle its junction temperature in the following pattern, spiraling in toward 25°C: 25°C, 85°C, -40°C, 70°C, 0°C, 25°C. 

Note 12: Low contact resistance is required for accurate measurement. 

Note 13: A military RETSLM614AMX electrical test specification is available on request. The LM614AMJ/883 can also be procured as a Standard Military Drawing. 

Simplified Schematic Diagrams 


Op Amp 



TL/H/9326-2 


Reference Bias 



TL/H/9326-3 
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Typical Performance Characteristics (Reference) 

Tj = 25°C, FEEDBACK pin shorted to V” = OV, unless otherwise noted 


Reference Voltage 

vs Temperature 

on 5 Representative Units 



JUNCTION TEMPERATURE (C) 

Reference Voltage vs 
Current and Temperature 



Reference Voltage vs 
Reference Current 



-io -2 -io~ 4 tier 6 io” 4 to -2 

REFERENCE CURRENT (A) 

FEEDBACK Current vs 
FEEDBACK-to-Anode 
Voltage 



ANODE - TO - FEEDBACK VOLTAGE (V) 


Reference Voltage Drift 



TIME (Hours) 


Reference Voltage vs 
Current and Temperature 



io” 4 
10” 5 
I io- 6 

I IO ” 7 
I IO” 8 
a 10-9 

| io” 10 

3 tor" 
io ' 12 


REFERENCE CURRENT (A) 


Reference AC 
Stability Range 

i — i — r , 

. -55^T,SS125°C _J 
1.2 ^VL^ 6.3V 


a 



UNSTABLE 



n 





CONSTABLE 




3 

-36V 

T 




-cl — 

F 

[iMfl 




-T - 




Aj 


io” 6 io” 5 io” 4 io" 3 io" 2 iot 1 

REFERENCE SHUNT CURRENT (A) 


Reference Noise Voltage 
vs Frequency 



Accelerated Reference 
Voltage Drift vs Time 



Reference Voltage vs 
Reference Current 


V 

•o~ 

— 

v r 


























12S 

3 



— 


or 






a 



25°C 

I2M 

n 

12! 

>°C 


-5! 

! 

>°C 

A 



25°C 

-55°C 




- 10” 2 - 10” 4 ± 10” 6 10” 4 10” 2 
REFERENCE CURRENT (A) 

FEEDBACK Current vs 
FEEDBACK-to-Anode 
Voltage 



ANODE -TO -FEEDBACK VOLTAGE (V) 


Reference Small-Signal 
Resistance vs Frequency 



FREQUENCY (Hz) 


TL/H/9326-4 
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Slew Rate vs Temperature Large-Signal Output Voltage Swing 

and Output Sink Curren t Step Response vs Temp, and Current 



p I ... i - i. .1 ..i i -i 1. L. L I -e I I J I I I V — I — I — J — I I -1 -1. -1 □ 

-60-40-20 0 20 40 60 $0 1 00 120 HO 0 !0 20 30 40 50 -60-40-20 0 20 40 60 80 100120140 


JUNCTION TEMPERATURE (C) TIME (/is) JUNCTION TEMPERATURE (C) 


TL/H/9326-5 





NOISE VOLTAGE (nVrms//Hz) IMPEDANCE (A) OUTPUT CURRENT (mA) 



PHASE SHIFT (DEG) 





LM614 
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Typical Performance Distributions 


Average Vos Drift 
Military Temperature Range 



Vos DRIFT 0*V/C) 

TL/H/9326-29 


Average Vos Drift 
Industrial Temperature Range 



Vos DRIFT OiV/C) 

TL/H/9326-30 


Average Vqs Drift 
Commercial Temperature Range 



' i i i i i i i i i i i 

0 5 10 15 20 25 30 35 40 45 50 
Vos DRIFT (jiV/C) 


TL/H/9326-31 


Average los Drift 
Industrial Temperature Range 



los DRIFT (pA/C) 


Average los Drift 
Military Temperature Range 



los DRIFT (pA/C) 

TL/H/9326-3 2 


Average Iqs Drift 
Commercial Temperature Range 




i 
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Typical Performance Distributions (Continued) 


Voltage Reference Broad-Band Op Amp Voltage 

Noise Distribution Noise Distribution 


10 Sf^l 0,000 Hz 







100 Hz 

Amps 1, 2, 3, 4 ^ 





Op Amp Current 
Noise Distribution 

1 1 100 Hz ^ 

Amps 1, 2, 3, 4 


0 4 8 12 16 20 24 28 32 3M0 44 48 0 8 1624; 

VOLTAGE NOISE (/*V RMS ) VOLTAG 

; TL/H/9326-35 

Application Information 

VOLTAGE REFERENCE 
Reference Biasing 

The voltage reference is of a shunt regulator topology that 
models as a simple zbner diode. With current l r flowing in 
the ‘forward’ direction there is the familiar diode transfer 
function. I r flowing in the reverse direction forces the refer- 
ence voltage to be developed from cathode to anode. The 
cathode may swing from a diode drop below V - to the ref- 
erence voltage or to the avalanche voltage of the parallel 
protection diode, nominally 7V. A 6.3V reference with V+ = 
3V is allowed. 

(4 |l7/iA<lr<20 mA 


0 8 16 24 32 40 48 56 64 72 80 88 96 
VOLTAGE NOISE (nV RMS /Vta) 

TL/H/9326'-36 


0 8 16 24324048 56 64 728088 96 
CURRENT NOISE (fA RMS /Vfiz) 

TL/H/9326-37 


1.2<Vro<6.3Vi 


Vr = 1.2V 

i ■ FEEDBACK 
0~5.1V 


Anode committed to V" 

TL/H/9326-9 

FIGURE 1. Voltages Associated with Reference 
(Current Source l r is External) 

The reference equivalent circuit reveals how V r is held at 
the constant 1 .2V by feedback, and how the FEEDBACK pin 
passes little current. 

To generate the required reverse current, typically a resistor 
is connected from a supply voltage higher than the refer- 
ence voltage. Varying that voltage, and so varying l r , has 
small effect with the equivalent series resistance of less 
than an ohm at the higher currents. Alternatively, an active 
current source, such as the LM134 series, may generate l r . 
Capacitors in parallel with the reference are allowed. See 
the Reference AC Stability Range typical curve for capaci- 
tance values— from 20 jmA to 3 mA any capacitor value is 
stable. With the reference’s wide stability range with resis- 
tive and capacitive loads, a wide range of RC filter values 
will perform noise filtering. 



f 

pr- 

r 





Anode = V- TL/h 

FIGURE 2. Reference Equivalent Circuit 


Vro = Vr= 1.2V. 


FIGURE 3. 1.2V Reference 


Adjustable Reference 

The FEEDBACK pin allows the reference output voltage, 
V ro . to vary from 1.24V to 6.3V. The reference attempts to 
hold V r at 1.24V. If V r is above 1,24V, the reference will 
conduct current from Cathode to Anode; FEEDBACK cur- 
rent always remains low. If FEEDBACK is connected to An- 
ode, then V ro = V r == 1 .24V. For higher voltages FEED- 
BACK is held at a constant voltage above Anode — say 
3.76V for V ro = 5V. Connecting a resistor across the cons- 
tant V r generates a current l = R1/V r flowing from Cathode 
into FEEDBACK node. A Thevenin equivalent 3.76V is gen- 
erated from FEEDBACK to Anode with R2 = 3.76/1. Keep I 


1-342 



Application Information (Continued) 

greater than one thousand times larger than FEEDBACK 
bias current for <0.1% error — 1^32 jaA for the military 
grade over the military temperature range (1^5.5 juA for a 
1 % untrimmed error for a commercial part.) 



TL/H/9326-12 

FIGURE 4. Thevenin Equivalent 
of Reference with 5V Output 



R1 

39k 


Jl = 32/iA 

R2 

118k 


TL/H/9326-13 


R1 = Vr/I = 1.24/32/a = 39k 
R2 = R1 {(Vro/Vr) - 1) = 39k { (5/1.24) - 1)) = 118k 
FIGURE 5. Resistors R1 and R2 Program 
Reference Output Voltage to be 5V 
Understanding that V r is fixed and that voltage sources, re- 
sistors, and capacitors may be tied to the FEEDBACK pin, a 
range of V r temperature coefficients may be synthesized. 



FIGURE 6. Output Voltage has Negative Temperature 
Coefficient (TC) if R2 has Negative TC 


15V 



FIGURE 7. Output Voltage has Positive TC 
if R1 has Negative TC 


15V 



FIGURE 8. Diode in Series with R1 Causes Voltage 
across R1 and R2 to be Proportional to Absolute 
Temperature (PTAT) 

Connecting a resistor across Cathode-to-FEEDBACK cre- 
ates a 0 TC current source, but a range of TCs may be 
synthesized. 


v 



v 


TL/H/9326-17 

I = Vr/R1 = 1.24/R1 

FIGURE 9. Current Source is Programmed by R1 



I 
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Application Information (Continued) 



TL/H/9326-18 

FIGURE 10. Proportional-to-Absolute-Temperature 
Current Source 



TL/H/9326-19 


FIGURE 1 1. Negative-TC Current Source 


Hysteresis 

The reference voltage depends, slightly, on the thermal his- 
tory of the die. Competitive micro-power products vary — al- 
ways check the data sheet for any given device. Do not 
assume that no specification means no hysteresis. 


OPERATIONAL AMPLIFIERS 


Any amp or the reference may be biased in any way with no 
effect on the other amps or reference, except when a sub- 
strate diode conducts (see Guaranteed Electrical Charac- 
teristics Note 1). One amp input may be outside the com- 


mon-mode range, another amp may be operated as a com- 
parator, another with all terminals floating with no effect on 
the others (tying inverting input to output and non-inverting 
input to V~ on unused amps is preferred). Choosing operat- 
ing points that cause oscillation, such as driving too large a 
capacitive load, is best avoided. 

Op Amp Output Stage 

These op amps, like their LM124 series, have flexible and 
relatively wide-swing output stages. There are simple rules 
to optimize output swing, reduce cross-over distortion, and 
optimize capacitive drive capability: 

1) Output Swing: Unloaded, the 42 jmA pull-down will bring 
the output within 300 mV of V - over the military tempera- 
ture range. If more than 42 jxA is required, a resistor from 
output to V~ will help. Swing across any load may be 
improved slightly if the load can be tied to V+ , at the cost 
of poorer sinking open-loop voltage gain 

2) Cross-over Distortion: The LM61 4 has lower cross-over 
distortion (a 1 Vbe deadband versus 3 Vbe for the 
LM124), and increased slew rate as shown in the charac- 
teristic curves. A resistor pull-up or pull-down will force 
class-A operation with only the PNP or NPN output tran- 
sistor conducting, eliminating cross-over distortion 

3) Capacitive Drive: Limited by the output pole caused by 
the output resistance driving capacitive loads, a pull- 
down resistor conducting 1 mA or more reduces the out- 
put stage NPN r e until the output resistance is that of the 
current limit 25 ft. 200 pF may then be driven without os- 
cillation. 

Op Amp Input Stage 

The lateral PNP input transistors, unlike most op amps, 
have BV EB o equal to the absolute maximum supply voltage. 
Also, they have no diode clamps to the positive supply nor 
across the inputs. These features make the inputs look like 
high impedances to input sources producing large differen- 
tial and common-mode voltages. 




Typical Applications 


♦V = 15V 



FIGURE 12. Simple Low Quiescent Drain Voltage 
Regulator. Total supply current approximately 320 juA, 
when V|n = + 5 V. 



’10k must be low 
t.c. trimpot. 

FIGURE 13. Ultra Low Noise 10.00V Reference. Total 
output noise is typically 14 ^Vrms- 



VoUT = (Rl /P® + 1) V RE F TL/H/9326-44 

R-i, R 2 should be 1 % metal film 
Py 3 should be low T.C. trim pot 

FIGURE 14. Slow Rise Time Upon Power-Up, 
Adjustable Transducer Bridge Driver. 

Rise time is approximately 1 ms. 



FIGURE 16. Low Drop-Out Voltage Regulator Circuit, 
drop-out voltage is typically 0.2V. 



FIGURE 15. Transducer Data Acquisition System. Set zero code voltage, then adjust 10ft gain adjust pot for full scale. 




LM675 



N a tiona 


l Semiconductor 


LM675 Power Operational Amplifier 


General Description 

The LM675 is a monolithic power operational amplifier fea- 
turing wide bandwidth and low input offset voltage, making it 
equally suitable for AC and DC applications. 

The LM675 is capable of delivering output currents in ex- 
cess of 3 amps, operating at supply voltages of up to 60V. 
The device overload protection consists of both internal cur- 
rent limiting and thermal shutdown. The amplifier is also in- 
ternally compensated for gains of 10 or greater. 

Features 

■ 3A current capability 

■ Ayo typicaly 90 dB 

■ 5.5 MHz gain bandwidth product 

■ 8 V/jlis slew rate 

■ Wide power bandwidth 70 kHz 


■ 1 mV typical offset voltage 

■ Short circuit protection 

■ Thermal protection with parole circuit (100% tested) 

■ 16V-60V supply range 

■ Wide common mode range 

■ Internal output protection diodes 
is 90 dB ripple rejection 

■ Plastic power package TO-220 

Applications 

■ High performance power op amp 

■ Bridge amplifiers 

■ Motor speed controls 

■ Servo amplifiers 

■ Instrument systems 


Connection Diagram 

TO-220 Power Package (T) 



Order Number LM675T 
See NS Package T05B 

"The tab is internally connected to pin 3 (-Vee) 


Typical Applications 

Non-Inverting Amplifier 

+ Vcc 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage ± 30V 

I nput Voltage - Vee to Vcc 


Operating Temperature 0°C to + 70°C 

Storage T emperature - 65°C to -I- 1 50°C 

Junction T emperature 1 50°C 

Power Dissipation (Note 1) 30W 

Lead T emperature (Soldering, 1 0 seconds) 260°C 

ESD rating to be determined. 


Electrical Characteristics V§= ±25V, Ta = 25°C unless otherwise specified. 


Parameter 

Conditions 

Typical 

Tested Limit 

Units 

Supply Current 

Pout = ow 

18 

50 (max) 

mA 

Input Offset Voltage 

> 

o 

II 

5 

o 

> 

1 

10 (max) 

mV 

Input Bias Current 

VCM = 0V 

0.2 

2 (max) 

jxA 

Input Offset Current 

S 

II 

o 

< 

50 

500 (max) 

nA 

Open Loop Gain 

Ri_ = °°a 

90 

70 (min) 

dB 

PSRR 

AV S = ±5V 

90 

70 (min) 

dB 

CMRR 

V| N = ±20V 

90 

70 (min) 

dB 

Output Voltage Swing 

C 

oo 

II 

_i 

£E 

±21 

±18 (min) 

V 

Offset Voltage Drift Versus Temperature 

R s < 100 kn 

25 


ju,V/°C 

Offset Voltage Drift Versus Output Power 


25 


ju,V/W 

Output Power 

THD = 1 %, f 0 = 1 kHz, R L = 8ft 

25 

20 

W 

Gain Bandwidth Product 

f 0 = 20 kHz, A V cl = 1000 

5.5 


MHz 

Max Slew Rate 


8 


V/jmS 

Input Common Mode Range 


±22 

±20 (min) 

V 


Note 1: Assumes Ta equal to 70°C. For operation at higher tab temperatures, the LM675 must be derated based on a maximum junction temperature of 150°C. 


Typical Applications (Continued) 


Generating a Split Supply From a Single Supply 

+ 16V -► + 60V 



V s = +8V -*• ±30V 


TL/H/6739-3 


1 


1 
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PSRR (dB) TOTAL HARMONIC DISTORTION (%) 


Typical Performance Characteristics 


THD vs Power Output 
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Input Common Mode 
Range vs Supply Voltage 
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SUPPLY VOLTAGE (±V) 


Supply Current vs 
Supply Voltage 
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SUPPLY VOLTAGE (±V) 


PSRR vs Frequency 

POSITIVE SUPPLY^ _ S J~ 
NEGATIVE SUPPLY^ 
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Device Dissipation vs 
Ambient Temperature t 
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Current Limit vs 
Output Voltage* 



Ib vs Supply Voltage 
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Ta-AMBIENT TEMPERATURE (°C) 

W INTERFACE = 1° C/W. *V S = 

See Application Hints. 

Output Voltage 

e Swing vs Supply Voltage 
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Schematic Diagram 







LM675 


Application Hints 

STABILITY 

The LM675 is designed to be stable when operated at a 
closed-loop gain of 10 or greater, but, as with any other 
high-current amplifier, the LM675 can be made to oscillate 
under certain conditions. These usually involve printed cir- 
cuit board layout or output/input coupling. 

When designing a printed circuit board layout, it is important 
to return the load ground, the output compensation ground, 
and the low level (feedback and input) grounds to the circuit 
board ground point through separate paths. Otherwise, 
large currents flowing along a ground conductor will gener- 
ate voltages on the conductor which can effectively act as 
signals at the input, resulting in high frequency oscillation or 
excessive distortion. It is advisable to keep the output com- 
pensation components and the 0.1 ju,F supply decoupling 
capacitors as close as possible to the LM675 to reduce the 
effects of PCB trace resistance and inductance. For the 
same reason, the ground return paths for these compo- 
nents should be as short as possible. 

Occasionally, current in the output leads (which function as 
antennas) can be coupled through the air to the amplifier 
input, resulting in high-frequency oscillation. This normally 
happens when the source impedance is high or the input 
leads are long. The problem can be eliminated by placing a 
small capacitor (on the order of 50 pF to 500 pF) across the 
circuit input. 

Most power amplifiers do not drive highly capacitive loads 
well, and the LM675 is no exception. If the output of the 
LM675 is connected directly to a capacitor with no series 
resistance, the square wave response will exhibit ringing if 
the capacitance is greater than about 0.1 juF. The amplifier 
can typically drive load capacitances up to 2 juF or so with- 
out oscillating, but this is not recommended. If highly capaci- 
tive loads are expected, a resistor (at least 1 ft) should be 
placed in series with the output of the LM675. A method 
commonly employed to protect amplifiers from low imped- 
ances at high frequencies is to couple to the load through a 
10ft resistor in parallel with a 5 ju,H inductor. 

CURRENT LIMIT AND SAFE OPERATING AREA 
(SOA) PROTECTION 

A power amplifier’s output transistors can be damaged by 
excessive applied voltage, current flow, or power dissipa- 
tion. The voltage applied to the amplifier is limited by the 
design of the external power supply, while the maximum 
current passed by the output devices is usually limited by 
internal circuitry to some fixed value. Short-term power dis- 
sipation is usually not limited in monolithic operational pow- 
er amplifiers, and this can be a problem when driving reac- 
tive loads, which may draw large currents while high volt- 
ages appear on the output transistors. The LM675 not only 
limits current to around 4A, but also reduces the value of the 
limit current when an output transistor has a high voltage 
across it. 

When driving nonlinear reactive loads such as motors or 
loudspeakers with built-in protection relays, there is a possi- 
bility that an amplifier output will be connected to a load 
whose terminal voltage may attempt to swing beyond the 
power supply voltages applied to the amplifier. This can 
cause degradation of the output transistors or catastrophic 
failure of the whole circuit. The standard protection for this 


type of failure mechanism is a pair of diodes connected be- 
tween the output of the amplifier and the supply rails. These 
are part of the internal circuitry of the LM675, and needn’t 
be added externally when standard reactive loads are 
driven. 

THERMAL PROTECTION 

The LM675 has a sophisticated thermal protection scheme 
to prevent long-term thermal stress to the device. When the 
temperature on the die reaches 170°C, the LM675 shuts 
down. It starts operating again when the die temperature 
drops to about 1 45°C, but if the temperature again begins to 
rise, shutdown will occur at only 1 50°C. Therefore, the de- 
vice is allowed to heat up to a relatively high temperature if 
the fault condition is temporary, but a sustained fault will 
limit the maximum die temperature to a lower value. This 
greatly reduces the stresses imposed on the 1C by thermal 
cycling, which in turn improves its reliability under sustained 
fault conditions. This circuitry is 1 00% tested without a heat 
sink. 

Since the die temperature is directly dependent upon the 
heat sink, the heat sink should be chosen for thermal resist- 
ance low enough that thermal shutdown will not be reached 
during normal operaton. Using the best heat sink possible 
within the cost and space constraints of the system will im- 
prove the long-term reliability of any power semiconductor. 

POWER DISSIPATION AND HEAT SINKING 

The LM675 should always be operated with a heat sink, 
even though at idle worst case power dissipation will be only 
1 .8W (30 mA x 60V) which corresponds to a rise in die tem- 
perature of 97°C above ambient assuming 6 ^ = 54°C/W 
for a TO-220 package. This in itself will not cause the thermal 
protection circuitryto shut down the amplifierwhen operating at 
roomtemperature,butamere0.9Wof additional powerdissipa- 
tion will shut the amplifier down since Tj will then increase from 
12 2°C (97°C + 25°C) to 170°C. 

In order to determine the appropriate heat sink for a given 
application, the power dissipation of the LM675 in that appli- 
cation must be known. When the load is resistive, the maxi- 
mum average power that the 1C will be required to dissipate 
is approximately: 


PD (MAX) ~ 


Vs 2 

27T 2 Rl 


+ 


Pq 


where Vs is the total power supply voltage across the 
LM675, Rj_ is the load resistance and Pq is the quiescent 
power dissipation of the amplifier. The above equation is 
only an approximation which assumes an “ideal” class B 
output stage and constant power dissipation in all other 
parts of the circuit. As an example, if the LM675 is operated 
on a 50V power supply with a resistive load of 8ft, it can 
develop up to 1 9W of internal power dissipation. If the die 
temperature is to remain below 1 50°C for ambient tempera- 
tures up to 70°C, the total junction-to-ambient thermal re- 
sistance must be less than 


150°C - 70°C 
19W 


= 4.2°C/W. 


Using 0jq = 2°C/W, the sum of the case-to-heat sink inter- 
face thermal resistance and the heat-sink-to-ambient 
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Application Hints (Continued) 

thermal resistance must be less than 2.2°C/W. The case-to- 
heat-sink thermal resistance of the TO-220 package varies 
with the mounting method used. A metal-to-metal interface 
will be about 1°C/W if lubricated, and about 1.2°C/W if dry. 
If a mica insulator is used, the thermal resistance will be 
about 1 .6°C/W lubricated and 3.4°C/W dry. For this exam- 
ple, we assume a lubricated mica insulator between the 
LM675 and the heat sink. The heat sink thermal resistance 
must then be less than 

4.2°C/W - 2°C/W - 1.6°C/W - 0.6°C/W. 

This is a rather large heat sink and may not be practical in 
some applications. If a smaller heat sink is required for rea- 
sons of size or cost, there are two alternatives. The maxi- 
mum ambient operating temperature can be restricted to 
50°C (122°F), resulting in a 1.6°C/W heat sink, or the heat 

Typical Applications (Continued) 


sink can be isolated from the chassis so the mica washer is 
not needed. This will change the required heat sink to a 
1 .2°C/W unit if the case-to-heat-sink interface is lubricated. 
The thermal requirements can become more difficult when 
an amplifier is driving a reactive load. For a given magnitude 
of load impedance, a higher degree of reactance will cause 
a higher level of power dissipation within the amplifier. As a 
general rule, the power dissipation of an amplifier driving a 
60° reactive load will be roughly that of the same amplifier 
driving the resistive part of that load. For example, some 
reactive loads may at some frequency have an impedance 
with a magnitude of 8a and a phase angle of 60°. The real 
part of this load will then be 8 Cl X cos 60° or 4a, and the 
amplifier power dissipation will roughly follow the curve of 
power dissipation with a 4a load. 


Non-Inverting Unity Gain Operation 



LM675 


v- 


2tt 500 kHz 

' + ^2 
10 


UNITY GAIN BANDWIDTH « 50 kHz 


inverting Unity Gain Operation 

r 2 



2tt 500 kHz 

,r 2 


UNITY GAIN BANDWIDTH a 50 kHz 
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<v National Semiconductor 

LM709 

Operational Amplifier 


General Description 

The LM709 series is a monolithic operational amplifier in- 
tended for general-purpose applications. Operation is com- 
pletely specified over the range of voltages commonly used 
for these devices. The design, in addition to providing high 
gain, minimizes both offset voltage and bias currents. Fur- 
ther, the class-B output stage gives a large output capability 
with minimum power drain. 


External components are used to frequency compensate 
the amplifier. Although the unity-gain compensation network 
specified will make the amplifier unconditionally stable in all 
feedback configurations, compensation can be tailored to 
optimize high-frequency performance for any gain setting. 
The LM709C is the commercial-industrial version of the 
LM709. It is identical to the LM709 except that it is specified 
for operation from 0°C to + 70°C. 


Connection Diagrams 

Metal Can Package 


INPUT 

FREQUENCY v 
COMPENSATION 

(A) I 1 


(-) INPUT f 2 


INPUT 

, FREQUENCY 
COMPENSATION 
(B) 


Dual-In-Line Package 


INPUT FREQUENCY 
COMPENSATION (A) 

INVERTING 2 
INPUT 

NON-INVERTING 3 
INPUT 


8 INPUT FREQUENCY 
COMPENSATION (B) 


5 OUTPUT FREQUENCY 
COMPENSATION 


(+) INPUT I 3 


- OUTPUT 
FREQUENCY 
COMPENSATION 


Order Number LM709CN-8 
See NS Package Number N08E 


Order Number LM709AH, LM709H or LM709CH 
See NS Package Number H08C 


Dual-In-Line Package 


INPUT FREQUENCY _3 
COMPENSATION (A) 



12 INPUT FREQUENCY 
COMPENSATION (B) 

11 

V+ 


9 OUTPUT FREQUENCY 
COMPENSATION 


Order Number LM709CN 
See NS Package Number N14A 
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Absolute Maximum Ratings (Note 3) 


If Military/ Aerospace specified devices are required, Storage Temperature Range 


please contact the National 

Semiconductor Sales 

LM709/LM709A/LM709C 


— 65°Cto + 150°C 

Office/Distributors for availability and specifications. 

Lead Temperature (Soldering, 10 sec.) 


Supply Voltage 


LM709/LM709A/LM709C 


300°C 

LM709/LM709A/LM709C 

± 18V 




Power Dissipation (Note 1) 


Operating Ratings (Note 3) 


LM709/LM709A 

300 mW 

Junction Temperature Range (Note 1) 


LM709C 

250 mW 

LM709/LM709A 


— 55°C to + 1 50°C 

Differential Input Voltage 


LM709C 


0°Cto + 100°C 

LM709/LM709A/LM709C 

±5V 

Thermal Resistance (0j A ) 



Input Voltage 


H Package 

1 50°C/W, (0j C ) 45°C/W 

LM709/LM709A/LM709C 

±10V 

8-Pin N Package 


134°C/W 

Output Short-Circuit Duration (T A 

= + 25°C) 

14-Pin N Package 


109°C/W 

LM709/LM709A/LM709C 

5 seconds 





Electrical Characteristics (Note 2 ) 


Parameter 

Conditions 

LM709A 

LM709 

LM709C 

Units 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Input Offset Voltage 

T a = 25°C, R s <; 10 ka 

0.6 2.0 

1.0 5.0 

2.0 7.5 

mV 

Input Bias Current 

T a = 25°C 

100 200 

200 500 


nA 

Input Offset Current 

T a = 25°C 

10 50 

50 200 

100 500 

nA 

Input Resistance 

T a = 25°C , 

350 700 

150 400 

50 250 

ka 

Output Resistance 

T a = 25°C 

150 

150 

150 

a 

Supply Current 

T a = 25°C,V s = ± 15 V 

2.5 3.6 

2.6 5.5 

2.6 6.6 

. mA 

Transient Response 
Risetime 

Overshoot 

V| N = 20 mV, C L <M00 pF 

T a = 25°C 

1.5 

30 

0.3 1.0 

10 30 

0.3 1.0 

10 30 

fxS 

% 

Slew Rate 

T a = 25°C 

0.25 

0.25 

0.25 

V/jULS 

Input Offset Voltage 

Rs ^ 10 ka 

3.0 

6.0 

10 

mV 

Average Temperature 
Coefficient of 

Input Offset Voltage 

Rs = 50a T A = 25°C to T max 

Ta = 25°C to T M in 
R s - 10 ka T a = 25°CtoTMAX 

T A = 25°CtoT M | N 

1.8 10 

1.8 10 

2.0 15 

4.8 25 

3.0 

6.0 

6.0 

12 

jnV/°C 

Large Signal 

Voltage Gain 

v s = ±15 V,r l ;> 2ka 

VoUT = ±10V 

25 70 

25 45 70 

15 45 

V/mV 

Output Voltage Swing 

V s = ± 1 5V, R|_ = 10 ka 

Vs = ±15V,R[_ = 2ka 

+12 ±14 

±10 ±13 

±12 ±14 

±10 ±13 

±12 ±14 

±10 ±13 


Input Voltage Range 

V s 5 ± 15V 

±8 

±8 ±10 

±8 ±10 

V 

Common-Mode 
Rejection Ratio 

R s ^ 10 ka 

80 110 

70 90 


dB 

Supply Voltage 
Rejection Ratio 

r s ^ 10 ka 

40 100 

25 150 


1 11 V/V 

! Input Offset Current 

T A = T m ax 

Ta = Tmin 

3.5 50 

40 250 

20 200 

100 500 


nA 

Input Bias Current 

Ta = Tmin 

0.3 0.6 

0.5 1.5 

0.36 2.0 

fxA 

Input Resistance 

Ta = t min 

85 170 

40 100 

50 250 

ka 


Note 1: For operating at elevated temperatures, the device must be derated based on a 150°C maximum junction temperature for LM709/LM709A and 100°C 
maximum for L709C. For operating at elevated temperatures, the device must be derated based on thermal resistance 0 ja, Tj(max) and t a- 


Note 2: These specifications apply for -55°C £ Ta ^ + 125°C for the LM709/LM709A and 0°C ^ Ta ^ + 70°C for the LM709C with the following conditions: 
±9V £ V s £ ±15V, Cl = 5000 pF, R1 = 1.5 kft, C2 = 200 pF and R2 = 51 

Note 3: Absolute Maximum Ratings indicate limits which if exceeded may result in damage. Operating Ratings are conditions where the device is expected to be 
functional but not necessarily within the guaranteed performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
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Schematic Diagram** 


INPUT FREQUENCY COMPENSATION 



TL/H/1 1477-1 


Typical Applications** 

Unity Gain Inverting Amplifier 

R4 

20k 



TL/H/1 1477-2 


FET Operational Amplifier 

ci 



Voltage Follower 

D1 R3f 



OUTPUT 


TL/H/1 1477-7 

*To be used with any capacitive loading on output. 

**Pin connections shown are for metal can package. 
tShould be equal to DC source resistance on input. 


Offset Balancing Circuit 


R5 R4 
160k 100k 



TL/H/1 1477-8 
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OUTPUT VOLTAGE SWING (±V) 


Guaranteed Performance Characteristics 



Output Voltage Swing 
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Input Common-Mode 



9 10 11 12 13 14 15 

SUPPLY VOLTAGE (±V) 



9 10 11 12 13 14 15 

SUPPLY VOLTAGE (±V) 



Supply Current 



9 10 11 12 13 14 15 

SUPPLY VOLTAGE (±V) 


TL/H/1 1477-9 





INPUT OFFSET CURRENT (nA) 
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tional Semiconductor 


LM725 Operational Amplifier 


General Description 

The LM725/LM725A/LM725C are operational amplifiers 
featuring superior performance in applications where low 
noise, low drift, and accurate closed-loop gain are required. 
With high common mode rejection and offset null capability, 
it is especially suited for low level instrumentation applica- 
tions over a wide supply voltage range. 

The LM725A has tightened electrical performance with 
higher input accuracy and like the LM725, is guaranteed 
over a -55°C to + 125°C temperature range. The LM725C 
has slightly relaxed specifications and has its performance 
guaranteed over a 0°C to 70°C temperature range. 


Features 

■ High open loop gain 3,000,000 

■ Low input voltage drift 0.6 jutV/°C 

■ High common mode rejection 120 dB 

■ Low input noise current 0,15 pA/ViHz 

■ Low input offset current 2 nA 

■ High input voltage range ±14V 

■ Wide power supply range ± 3V to ± 22V 

■ Offset null capability 

■ Output short circuit protection 


Connection Diagrams and Ordering Information 



TL/H/10474-1 


Order Number LM725H/883, LM725CH 
or LM725AH/883 
See NS Package Number H08C 


Dual-In-Line Package 


OFFSET NULL 
V + 

OUTPUT 

COMP 


TL/H/1 0474-2 

Order Number LM725CN 
See NS Package Number N08E 


OFFSET NULL 
INVERTING INPUT H 
NON-INVERTING INPUT —I 

V--I 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage ± 22 V 

Internal Power Dissipation (Note 1 ) 500 mW 

Differential Input Voltage ±5V 

Input Voltage (Note 2) ± 22V 

Electrical Characteristics (Note 3) 


Storage Temperature Range 

Lead Temperature (Soldering, 10 Sec.) 


-65°C to + 1 50°C 
260°C 
150°C 


±22V 

500 mW 

Operating Temperature Range 
LM725 

Ta(MIN) 

— 55°C 

to 

Ta(MAX) 
+ 125°C 

±5V 

LM725A 

— 55°C 

to 

+ 1 25°C 

±22V 

LM725C 

0°C 

to 

+ 70°C 


Input Offset Voltage 
(Without External Trim) 

Input Offset Current 
Input Bias Current 
Input Noise Voltage 


Input Noise Current 


Input Resistance 
Input Voltage Range 


Common-Mode 
Rejection Ratio 

Power Supply 
Rejection Ratio 

Output Voltage Swing 


Power Consumption 

Input Offset Voltage 
(Without External Trim) 

Average Input Offset 
Voltage Drift 
(Without External Trim) 

Average Input Offset 


Conditions 


LM725A 

Typ 


Max Min Typ Max Min Typ Max 


T a = 25°C, 

R s ^ 10kft 

0.5 


0.5 

1.0 


0.5 

2.5 

mV 

T a = 25°C 


2.0 

5.0 


2.0 

20 


2.0 

35 

nA 

T a = 25°C 


42 

80 


42 

100 


42 

125 

nA 

T a = 25°C 
f 0 = 10 Hz 


15 



15 



15 


nV/VHz 

f 0 = 100 Hz 


9.0 



9.0 



9.0 


nVA/Hz 

f 0 = 1 kHz 


8.0 



8.0 



8.0 


nV/VHz 

T a = 25°C 
f 0 = 10 Hz 


1.0 



1.0 



1.0 


pA/VRz 

f 0 = 100 Hz 


0.3 



0.3 



0.3 


pA/VHz 

f 0 = 1 kHz 


0.15 



0.15 



0.15 


pA/>/Hz 

T a = 25°C 

1.5 

1.5 

1.5 

Mft 

T a = 25°C 

±13.5 

±14 


±13.5 

±14 


±13.5 

±14 


V 

T a = 25°C, 

R L ^ 2 kft, 
Vqut = ± 1 0 V 

1000 

3000 


1000 

3000 


250 

3000 


V/mV 

T a = 25°C, 

R s ^ 10 kft 

120 

110 

120 


94 

120 


dB 

T a = 25°C, 

Rs ^ 10 kft 


2.0 

5.0 


2.0 

10 


2.0 

35 

juV/V 

T a = 25°C, 

R l ^ 10 kft 

±12.5 

±13.5 


±12 

±13.5 


±12 

±13.5 


V 

R L ^ 2 kft 

±12.0 

±13.5 


±10 

±13.5 


±10 

±13.5 


V 

T a = 25°C 


80 

105 


80 

105 


80 

150 

mW 

Rs ^ 10 kft 

0.7 

1.5 

3.5 

mV 

Rs = 50ft 

2.0 


2.0 

5.0 

2.0 

juV/°C 


Rg = 50ft 


Voltage Drift 
(With External Trim) 

i 

0.6 

1.0 

0.6 

0.6 

juV/°C 

Input Offset Current 

t a = t M ax 

1.2 

4.0 

1.2 

20 

1.2 

35 

nA 


t a = t min 

7.5 

18.0 

7.5 

40 

4.0 

50 

nA 

Average Input Offset 
Current Drift 


35 

90 

35 

150 

10 

pA/°C 

Input Bias Current 

t a = t max 

20 

70 

20 

100 


125 

nA 


Ta = Tmin 

80 

180 

80 

200 


250 

nA 
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Electrical Characteristics (Note 3) (Continued) 


Parameter 

Conditions 

LM725A 

LM725 

LM725C 

Units 

Min Typ 

Max 

Min Typ 

Max 

Min Typ Max 




Large Signal Voltage Gain 

R l ^ 2 k ft 

Ta = TmaX 

1,000,000 


1,000,000 


125,000 



R l 2 k n 

Ta = Tmin 

500,000 


250,000 


125,000 


Common-Mode 

Rejection Ratio 

r s ^ io m 

110 

100 

115 

dB 

Power Supply 

Rejection Ratio 

R s ^ lOkft 

8.0 

20 

20 


Output Voltage Swing 

R L ^ 2 kn 

±12 

±10 

±10 



Note 1: Derate at 150°C/W for operation at ambient temperatures above 75°C. 

Note 2: For supply voltages less than ±22V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: These specifications apply for Vs = ± 1 5V unless otherwise specified. 

Note 4: For Military electrical specifications RETS725AX are available for LM725AH and RETS725X are available for LM725H. 


Schematic Diagram 
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INPUT OFFSET CURRENT - nA OPEN LOOP VOLTAGE GAIN - dB 


Typical Performance Characteristics 


Voltage Gain vs Temperature Change in T rimmed Input Untrimmed Input Offset 



-60 -20 20 60 100 140 -60 -20 20 60 100 140 -60 -20 20 60 100 140 

TEMPERATURE - °C TEMPERATURE - °C TEMPERATURE - °C 


Stabilization Time of 

Input Offset Current Input Bias Current Input Offset Voltage 
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CLOSED LOOP VOLTAGE GAIN - dB 


Typical Performance Characteristics (Continued) 


Input Noise 
Current vs Frequency 
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CAPACITANCE - pF 








Auxiliary Circuits 


Frequency Compensation 
Circuit 



Voltage Offset 
Null Circuit 
v+ 


I 



TL/H/ 10474-3 


Compensation Component Values 




TL/H/1 0474-4 




Typical Applications 


Photodiode Amplifier 


R4 



DC Gains = 10,000; 1,000; 100; and 10 


Bandwidth = Determined by value of Cl 


Thermocouple Amplifier 


ci 

500 pF 



— : = — for best CMR 
R5 R7 

R1 = R4 
R2 - R5 

0 . R6 / 2R1 \ 

Ga,n “R2 + Ir37 

DC Gain = 1000 
Bandwidth = DC to 540 Hz 
Equivalent Input Noise = 0.24 ju,V rms 


± 100V Common Mode Range Differential Amplifier 



Note 1: Indicates ±1% metal film resistors recommended for temperature 






Typical Applications (Continued) 


— = — for best CMRR 
R6 R4 

R3 #: R4 

R1 = R6 = 10 R3 



Instrumentation Amplifier with High 
Common Mode Rejection 



TL/H/1 0474-1 2 


Precision Amplifier Avcl = 1000 

50 MXI 10 kfl, 



TL/H/10474-13 




LM741 



National Semiconductor 


LM741 Operational Amplifier 

General Description 

The LM741 series are general purpose operational amplifi- 
ers which feature improved performance over industry stan- 
dards like the LM709. They are direct, plug-in replacements 
for the 709C, LM201, MCI 439 and 748 in most applications. 
The amplifiers offer many features which make their appli- 
cation nearly foolproof: overload protection on the input and 


output, no latch-up when the common mode range is ex- 
ceeded, as well as freedom from oscillations. 

The LM741C/LM741E are identical to the LM741/LM741A 
except that the LM741C/LM741E have their performance 
guaranteed over a 0°C to +70°C temperature range, in- 
stead of — 55°C to + 125°C. 


Schematic Diagram 



Offset Nulling Circuit 



OUTPUT 


TL/H/9341 -7 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ 


Distributors for availability and specifications. 
(Note 5) 



LM741A 

LM741E 

LM741 

LM741C 

Supply Voltage 

±22V 

±22V 

±22V 

± 18V 

Power Dissipation (Note 1) 

500 mW 

500 mW 

500 mW 

500 mW 

Differential Input Voltage 

±30V 

±30V 

±30V 

+ 30V 

Input Voltage (Note 2) 

± 15V 

± 15V 

± 15V 

± 15V 

Output Short Circuit Duration 

Continuous 

Continuous 

Continuous 

Continuous 

Operating Temperature Range 

— 55°C to + 1 25°C 

0°C to + 70°C 

— 55°C to -f 125°C 

0°C to +70°C 

Storage Temperature Range 

— 65°C to + 1 50°C 

— 65°C to + 1 50°C 

— 65°C to + 1 50°C 

65°C to + 1 50°C 

Junction Temperature 

Soldering Information 

150°C 

100°C 

150°C 

100°C 

N-Package (10 seconds) 

260°C 

260°C 

260°C 

260°C 

J- or H-Package (1 0 seconds) 
M-Package 

300°C 

300°C 

300°C 

300°C 

Vapor Phase (60 seconds) 

215°C 

215°C 

215°C 

215°C 

Infrared (1 5 seconds) 

215°C 

215°C 

215°C 

215°C 

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering 
surface mount devices. 


ESD Tolerance (Note 6) 

400V 

400V 

400V 

400V 


Electrical Characteristics (Note 3) 


Parameter 

Conditions 

LM741A/LM741E 

LM741 

LM741C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

T a = 25°C 

R s ^ 10 ka 

Rs ^ 50fi 

■ 

H 



1.0 

5.0 

■ 


6.0 

mV 

mV 

t amin ^ T a ^ Tamax 

Rs ^ 50a 

R s ^ 10 ka 

■ 

■ 


■ 

■ 

6.0 



7.5 

mV 

mV 

Average Input Offset 
Voltage Drift 











jnV/°C 

Input Offset Voltage 
Adjustment Range 

T a = 25°C, V S = ±20V 

±10 




±15 



±15 


mV 

Input Offset Current 

T a = 25°C 


KTil 

30 



200 


20 

200 

nA 

Tamin ^ t a ^ Tamax 



70 


El 

500 



300 

nA 

Average Input Offset 
Current Drift 












Input Bias Current 

T a = 25°C 








80 

500 

nA 

Tamin ^ T a £ T A max 









0.8 


Input Resistance 

T a = 25°C, V s = +20V 

1.0 



0.3 

2.0 


0.3 



MH 

Tamin ^ T a £ Tamax. 

V s = ±20V 

0.5 


■ 







Ma 

Input Voltage Range 

T a = 25°C 










V 

Tamin ^ T a £ Tamax 










V 

Large Signal Voltage Gain 

T a = 25°C, R l ^ 2 kn 

V s = ±20V,V o = ± 15V 
V s = ± 15V, Vo = ±10V 

50 



50 

200 


20 

200 


V/mV 

V/mV 

Tamin ^ t a ^ Tamax. 
r l 2 ka, 

V s = ±20V, Vq = ±15V 
V s = ±15V,V 0 = ±10V 
V s = ±5V,V 0 = ±2V 

32 

10 



25 



15 



V/mV 

V/mV 

V/mV 
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LM741 


Electrical Characteristics (Note 3) (continued) 


Parameter 

Conditions 

LM741A/LM741E 

LM741 

LM741C 

Units 

Min 

KBS 



KBS 

Max 

Min 

1 T yp 

Max 




Output Voltage Swing 

V s = ±20V 

R L ^ 10 kH 


■ 

| 

■ 

g 

■ 

9 

9 

9 



R L :> 2 k Cl 


1 



■ 

■ 



EH 



V s = ± 15V 

R L ^ 10 kH 


■ 

9 

n 

n 

9 

1 

9 

9 

V 


R l ^ 2 k ft 




m 



99 

ESI 


V 

Output Short Circuit 

T a = 25°C 

10 

25 



25 



25 


mA 

Current 

Tamin ^ T A ^ Tamax 

10 


■9 







mA 

Common-Mode 

Tamin ^ T a ^ Tamax 



m 



■ 



m 


Rejection Ratio 

R S £ 10kft,VcM = ± 12V 




70 

90 


70 

90 


dB 


R s ^ 50a,V C M = ±12V 

80 

95 







■ 

dB 

Supply Voltage Rejection 

Tamin ^ T a ^ T A max> 






■ 



■ 


Ratio 

V s = ±20V to V s = ±5V 
Rg ^ 50fi 

86 

96 







1 

dB 


Rs ^ lOkft 




77 

96 


77 

96 

■ 

dB 

Transient Response 

Ta - 25°C, Unity Gain 




m 


m 



m 


Rise Time 



0.25 

0.8 


0.3 





flS 

Overshoot 



6.0 

20 


5 

■ 

9ff 


H 

% 

Bandwidth (Note 4) 

T a = 25°C 

0.437 

1.5 








MHz 

Slew Rate 

Ta = 25°C, Unity Gain 

0.3 

0.7 



0.5 



0.5 


V/jLlS 

Supply Current 

T a = 25°C 





1.7 

2.8 


1.7 

2.8 

mA 

Power Consumption 


■ 



■ 



9 



mW 






■1 


85 


50 

85 

mW 

LM741A 

V s = ±20V 

Ta = Tamin 

i 

9 



9 

9 

9 

9 

9 

mW 


Ta = Tamax 










mW 

LM741E 


■ 

B 



9 

9 

9 

9 

9 

mW 












mW 

LM741 

V s — ±15V 
t a = Tamin 



| 

9 

60 


9 

9 

9 

mW 


Ta = Tamax 





45 





mW 


Note 1: For operation at elevated temperatures, these devices must be derated based on thermal resistance, and Tj max. (listed under “Absolute Maximum 
Ratings”). Tj = Ta + (0jA p d)- 


Thermal Resistance 

Cerdip ( J) 

DIP (N) 

H08 (H) 

SO-8 (M) 

0jA (Junction to Ambient) 



1 70°C/W 

1 95°C/W 

0jC (Junction to Case) 

N/A 

N/A 

25°C/W 

N/A 


Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: Unless otherwise specified, these specifications apply for V s = ±15V, -55°C £ T A £ +125°C (LM741/LM741A). For the LM741C/LM741E, these 
specifications are limited to 0°C ^ Ta ^ +70°C. 

Note 4: Calculated value from: BW (MHz) = 0.35/Rise Timers). 

Note 5: For military specifications see RETS741 X for LM741 and RETS741 AX for LM741 A. 

Note 6: Human body model, 1.5 kft in series with 100 pF. 
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Connection Diagrams 




Order Number LM741H, LM741H/883*, 
LM741 AH/883 or LM741CH 
See NS Package Number H08C 


Dual-In-Line or S.O. Package 



TL/H/9341-3 

Order Number LM741J, LM741 J/883, 

LM741CM, LM741CN or LM741EN 
See NS Package Number J08A, M08A or N08E 


Ceramic Dual-ln-Line Package 



TL/H/9341-5 


Order Number LM741J-14/883*, LM741AJ-14/883** 
See NS Package Number J14A 

•also available per JM38510/10101 
’♦also available per JM38510/10102 


Ceramic Flatpak 



TL/H/9341 -6 


Order Number LM741 W/883 
See NS Package Number W10A 



‘LM741H is available per JM38510/10101 




LM747 


National Semiconductor 


LM747 

Dual Operational Amplifier 

General Description 

The LM747 is a general purpose dual operational amplifier. 
The two amplifiers share a common bias network and power 
supply leads. Otherwise, their operation is completely inde- 
pendent. 

Additional features of the LM747 are: no latch-up when in- 
put common mode range is exceeded, freedom from oscilla- 
tions, and package flexibility. 

The LM747C/LM747E is identical to the LM747/LM747A 
except that the LM747C/LM747E has its specifications 
guaranteed over the temperature range from 0°C to +70°C 
instead of -55°C to +125°C. 


Features 

■ No frequency compensation required 

■ Short-circuit protection 

■ Wide common-mode and differential voltage ranges 

■ Low power consumption 

■ No latch-up 

■ Balanced offset null 


Connection Diagrams 


Metal Can Package 


Dual-ln-Line Package 


INVERTING , 
INPUT A 1 


NON-INVERTING 141 
INPUT A 


[61 NON-INVERTING 
INPUT B 


INVERTING INPUT A- 
NON-INVERTING INPUT A- 


OFFSET NULL A - 


NON-INVERTING INPUT B- 
INVERTING INPUT B- 



OFFSET NULL A 


Order Number LM747H 
See NS Package Number H10C 


*V+A and V+B are internally connected. 


Order Number LM747CN or LM747EN 
See NS Package Number N14A 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage 

LM747/LM747A ±22V 

LM747C/LM747E ±18V 

Power Dissipation (Note 1 ) 800 mW 

Differential Input Voltage ± 30V 

Electrical Characteristics (Note 3) 


Input Voltage (Note 2) ± 1 5V 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range 
LM747/LM747A -55°C to + 125°C 

LM747C/LM747E 0°C to + 70°C 

Storage T emperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 1 0 sec.) 300°C 


Parameter 

Conditions 

LM747A/LM747E 

LM747 

LM747C 

Units 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Input Offset Voltage 

T a = 25°C 

R s ^ 10 kn 

R s ^ 50a 

0.8 3.0 

1.0 5.0 

2.0 6.0 

mV 

Rg £ 50a 

Rg ^ 10 kn 

4.0 

6.0 

7.5 

mV 

Average Input Offset 
Voltage Drift 


15 



juV/°C 

Input Offset Voltage 
Adjustment Range 

T a = 25°C,Vg = ±20V 

±10 

±15 

±15 

mV 

Input Offset Current 

T a = 25°C 

3.0 30 

20 200 

20 200 

nA 

70 

85 500 

300 

Average Input Offset 
Current Drift 


0.5 



nA/°C 

Input Bias Current 

T a = 25°C 

TAMIN ^ T a ^ T A m A x 

30 80 

0.210 

80 500 

1.5 

80 500 

0.8 

nA 

jaA 

Input Resistance 

T a = 25°C, Vg = ±20V 

1.0 6.0 

0.3 2.0 

0.3 2.0 

Mn 

Vg = ±20V 

0.5 



Input Voltage Range 

T A = 25*C 



±12 ±13 

V 


±12 ±13 


Large Signal 

Voltage Gain 

T a = 25°C, R l ^ 2 kn 

Vg = ± 20V, V 0 = ± 15V 

i 

! 

50 



V/mV 

Vg = ± 15V, V 0 = ± 10V 
R l ^ 2 kn 

i 

50 200 


V/mV 

Vg = ± 20V, V Q = ± 15V 

32 



V/mV 

Vg = ± 15V, V 0 = ±10V 

, 

25 

15 

V/mV 

Vg = ±5V, V 0 = ±2V 

10 



V/mV 

Output Voltage Swing 

Vg = +20V 

R l ^ 10 kn 

R l ^ 2 kn 

±16 

±15 



V 

Vg = ± 15V 

Rl ^ io ka 

r l ^ 2 kn 


±12 ±14 

±10 ±13 

±12 ±14 

±10 ±13 

V 

Output Short 

Circuit Current 

T a = 25°C 

mm 

25 

25 

mA 

Common-Mode 
Rejection Ratio 

Rg <; 10 kn, V C M = ± 12V 


70 90 

70 90 

dB 

Rg ^ 50kn,V C M = ± 12V 

80 95 
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Electrical Characteristics (Note 3) (Continued) 


Parameter 

Conditions 

LM747A/LM747E 

LM747 

LM747C 

Units 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Supply Voltage 

V s = ±20V to V s = ±5V 





Rejection Ratio 

R s ^ son 

86 96 



dB 


R s £ 10 kn 


77 96 

77 96 


Transient Response 

Ta = 25°C, Unity Gain 





Rise Time 


0.25 0.8 

0.3 

0.3 

fXS 

Overshoot 


6.0 20 

5 

5 

% 

Bandwidth (Note 4) 

T A = 25°C 

0.437 1.5 



MHz 

Slew Rate 

T a = 25°C, Unity Gain 

WMKSMm 

0.5 

0.5 

V/jaS 

Supply Current/ Amp 

T a = 25°C 

2.5 

1.7 2.8 

1.7 2.8 

mA 

Power Consumption/Amp 

T a = 25°C 






V s = ±20V 

80 150 





V s = ±15V 


50 85 

50 85 

mw 

LM747A 

V s = ±20V 






t a = T AM | N 

165 



mW 


t a = t amax 

135 




LM747E 

V s = ±20V 

150 





Ta = T A min 

150 



mW 


Ta = T amax 

150 




LM747 

s 

-H 

II 

to 

> 






T a = Tamin 


60 100 


mW 


T a = Tamax 


45 75 




Note 1: The maximum junction temperature of the LM747C/LM747E is 100°C. For operating at elevated temperatures, devies in the TO-5 package must be 
derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. The thermal resistance of the dual-in-line package is 100°C/ 
W, junction to ambient. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: These specifications apply for ±5V <: Vg ^ ±20V and -55°C £ T a ^ 125°C for the LM747A and 0°C £ Ta £ 70°C for the LM747E unless otherwise 
specified. The LM747 and LM747C are specified for Vs = ±15V and -55°C £ Ta £ 125°C and 0°C £ T a £ 70°C, respectively, unless otherwise specified. 
Note 4: Calculated value from: 0.35/Rise Time (jus). 


Schematic Diagram (Each Amplifier) 
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Typical Performance Characteristics 


Input Bias and Offset 
Currents vs Ambient 
Temperature 



-60 -20 20 60 100 140 

TEMPERATURE (°C) 


DC Parameters 
vs Supply Voltage 



Output Voltage Swing 



100 Ik 10k 100k 1M 


Output Voltage Swing 



0.1 0.2 0.5 1.0 2.0 5.0 10 


FREQUENCY (Hz) 


LOAD RESISTANCE (kil) 


Normalized DC Parameters 


vs Ambient Temperature 


- 

Mill 

” INPUT RESISTANCE^ 
1 1 Lf = 1 kHz] 

a 

D 

S3 

i 

S 

■ 

■ 

■ 

✓POWER SUPPLY 


E 

s 


gj 

■ 






m 

B 

s 


K 






M 

■ 

K 

B 

U 


s 

5 

B 

m 


S 

■ 







- 






0 

UTP 

UT^ 

r 






SHOR 

rii 

IT 






_1J 





-60 -20 20 60 100 140 


Transient Response 



0 0.200 0.400 0.600 0.800 1 


AMBIENT TEMPERATURE (°C) 


T (/xs) 


Frequency Characteristics 



5 10 15 20 


Output Resistance 



100 Ik 10k 100k 1M 


SUPPLY VOLTAGE (±V) 


FREQUENCY (Hz) 


Common Mode Rejection 
Ratio vs Frequency 



1 10 100 Ik 10k 100k 1M 10M 


FREQUENCY (Hz) 


Output Swing and 
Input Range vs 
Supply Voltage 



O 

o 

m 


Frequency Characteristics 
vs Ambient Temperature 



TEMPERATURE (°C) 


Open Loop Transfer 



1 10 100 Ik 10k 100k 1M 10M 


FREQUENCY (Hz) 

TL/H/1 1479-2 
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INPUT RESISTANCE (Cl) 


Typical Performance Characteristics (Continued) 


Input Resistance and 
Input Capacitance 
vs Frequency 



10k i i ilium i i i mill i in, mu mwui 0 .i 
100 Ik 10k 100k 1M 


Input Noise Voltage 
and Current 
vs Frequency 



Broadband Noise for 
Various Bandwidths 


ii mini ii 

10 p =H 10- 100 kHz 




■iiiihschiiiiiqiu 


100 Ik 10k 100k 

SOURCE RESISTANCE 


Voltage Follower Large 
Signal Pulse Response 

I I I I I I LM747 SLEW' RATE 
I ! I II I I I I Vc = ± 1 5V 


10 100 Ik 10k 100k 


0 20 40 60 80 100 120 
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National Semiconductor 


LM748 Operational Amplifier 


General Description 

The LM748 is a general purpose operational amplifier with 
external frequency compensation. 

The unity-gain compensation specified makes the circuit 
stable for all feedback configurations, even with capacitive 
loads. It is possible to optimize compensation for best high 
frequency performance at any gain. As a comparator, the 
output can be clamped at any desired level to make it com- 
patible with logic circuits. 

The LM748C is specified for operation over the 0°C to 
+ 70°C temperature range. 


Features 

■ Frequency compensation with a single 30 pF capacitor 

■ Operation from ± 5V to ± 20V 

■ Continuous short-circuit protection 

■ Operation as a comparator with differential inputs as 
high as ±30V 

■ No latch-up when common mode range is exceeded 

■ Same pin configuration as the LM101 


Connection Diagram 


Dual-ln-Line Package 



Top View 

Order Number LM748CN 
See NS Package Number N08B 


i 



[•1 
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LM748 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage ± 22 V 

Power Dissipation (Note 1) 500 mW 

Differential Input Voltage ± 30V 


Input Voltage (Note 2) 

Output Short-Circuit Duration (Note 3) 
Operating Temperature Range: 
LM748C 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 


± 15V 


0°Cto +70C 
— 65°C to + 150°C 
+ 300°C 


Electrical Characteristics (Note 4) 


Parameter 

Conditions 

Min 

Typ 

Max 


Input Offset Voltage 

T a = 25°C, R s ^ 10 ka 


1.0 

5.0 

mV 

Input Offset Current 

T a = 25°C 


40 

200 

nA 

Input Bias Current 

T a = 25°C 


120 

500 

nA 

Input Resistance 

T a = 25°C 

300 

800 


ka 

Supply Current 

T a = 25°C, V S = +15V 


1.8 

2.8 

mA 

Large Signal 

Voltage Gain 

T a = 25°C, V s = ± 15V 

V 0 UT = ±10V,R L ^2kft 

50 

160 


V/mV 

Input Offset Voltage 

R s ^ 10 ka 



6.0 

mV 

Average Temperature 
Coefficient of Input 

Offset Voltage 

R s ^ son 


3.0 


juV/°C 

R s £ 10 ka 


6.0 


jaV/°C 

Input Offset Current 

T a = 0°C to + 70°C 



300 

nA 

T a = — 55°C to + 125°C 



500 

nA 

Input Bias Current 

T a = 0°C to +70°C 



0.8 

juA 

T a = — 55°C to + 125°C 



1.5 

jaA 

Supply Current 

T a = + 125°C,V S = ±15V 


1.2 

2.25 

mA 

T a = — 55°C to +125°C 


1.9 

3.3 

mA 

Large Signal 

Voltage Gain 

V s = ±15V,V 0 ut= ±10V 

Rl ^ 2 ka 

25 



V/mV 

Output Voltage 

Swing 

V s = ± 15V, R L = 10 ka 

±12 

±14 


V 

V s = ± 15V, Rl = 2 ka 

±10 

±13 


V 

Input Voltage Range 

V s = ± 15V 

±12 



V 

Common-Mode 

Rejection Ratio 

R s ^ 10 kn 

70 

90 


dB 

Supply Voltage 

Rejection Ratio 

r s ^ io ka 

77 

90 


dB 


Note 1: For operating at elevated temperatures, the device must be derated based on a maximum junction to case thermal resistance of 45°C per watt, or 150°C 
per watt junction to ambient. (See Curves). 

Note 2: For supply voltages less than ± 1 5V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: Continuous short circuit is allowed for case temperatures to + 1 25°C and ambient temperatures to + 70°C. 

Note 4: These specifications apply for ± 5V ^ Vs £ +1 5V and 0°C £ ^ + 70°C, unless otherwise specified. 
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Typical Applications 


Inverting Amplifier with Balancing Circuit 

R1 R2 



tMay be zero or equal to parallel TL/H/1 1478-3 

combination of R1 and R2 for minimum offset. 


Voltage Comparator for Driving 
DTL or TTL Integrated Circuits 


OUTPUT 



TL/H/1 1478-4 


Voltage Comparator for Driving 
RTL Logic or High Current Driver 

OUTPUT 



TL/H/1 1478-5 


Guaranteed Performance Characteristics (Note 4) 




5 10 15 20 

SUPPLY VOLTAGE (±V) 



5 10 15 20 

SUPPLY VOLTAGE (±V) 

TL/H/1 1478-6 



I 
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National Semiconductor 


LM759/LM77000 

Power Operational Amplifiers 

General Description I 

The LM759 and LM77000 are high performance operational ■ 
amplifiers that feature high output current capability. The 
LM759 is capable of providing 325 mA and the LM77000 
providing 250 mA. Both amplifiers feature small signal char- I 
acteristics that are better than the LM741 . The amplifiers i 
are designed to operate from a single or dual power supply a 

with an input common mode range that includes the nega- , 

tive supply. The high gain and high output power provide 
superior performance. Internal current limiting, thermal shut- 
down, and safe area compensation are employed making 
the LM759 and LM77000 essentially indestructible. \ 


Features 

■ Output current 

LM759— 325 mA minimum 
LM77000— 250 mA minimum 

■ Internal short circuit current limiting 

■ Internal thermal overload protection 

■ Internal output transistors safe-area protection 

■ Input common mode voltage range includes ground or 
negative supply 

Applications 

■ Voltage regulators 

■ Audio amplifiers 

■ Servo amplifiers 

■ Power drivers 


Connection Diagrams and Ordering Information 



Lead 4 connected to case. 



Top View 

Order Number LM759CP or LM77000CP 
See NS Package Number P04A 


Top View 


Order Number LM759MH, LM759CH or LM759H/883 
See NS Package Number H08C 


4 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature Range 

Metal Can - 65°C to + 1 75°C 

Plastic Package - 65°C to + 1 50°C 

Operating Junction Temperature Range 

Military (LM759M) - 55°C to + 1 50°C 

Commercial (LM759C, LM77000C) 0°C to + 1 25°C 

Lead Temperature 

Metal Can (soldering, 60 sec) 300°C 

Plastic Package (soldering, 1 0 sec) 265°C 

Internal Power Dissipation (Note 1 ) Internally Limited 

Supply Voltage ±18V 

Differential Input Voltage 30V 

Input Voltage (note 2) ±15V 

LM759 

Electrical Characteristics tj 

= 25°C, Vqc = ± 1 5V, unless otherwise specified 



Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V| 0 

Input Offset Voltage 

Rs ^ io kft 


1.0 

3.0 

mV 

*10 

Input Offset Current 



5.0 

30 

nA 

*IB 

Input Bias Current 



50 

150 

nA 

Z| 

Input Impedance 


0.25 

1.5 


Mft 

icc 

Supply Current 



12 

18 

mA 

V|R 

Input Voltage Range 


V+ - 2V to V" 



V 

•os 

Output Short Circuit Current 

|Vcc-V 0 l = 30V 


±200 


mA 

*0 PEAK 

Peak Output Current 

3.ov <; |v cc -v 0 | <; iov 

±325 

±500 


mA 

AvS 

Large Signal Voltage Gain 

Rl ^ 50ft, Vo — 

±10V 

50 

200 


V/m V 

TR 

Transient Response 

Rise Time 

R[_ = 50ft, Ay = 

1.0 


300 


ns 



Overshoot 




5.0 


% 

SR 

Slew Rate 

R|_ = 50ft, Ay = 

1.0 


0.6 


y/fxs 

BW 

Bandwidth 

Ay = 1.0 


1.0 


MHz 

The following specifications apply for — 55°C ^ Tj ^ +1 50°C 

Vio 

Input Offset Voltage 

Rs ^ 10kft 



in 

mV 

*10 

Input Offset Current 





nA 

l|B 

Input Bias Current 






CMRR 

Common Mode Rejection Ratio 

Rs ^10 kft 

80 

100 


dB 

PSRR 

Power Supply Rejection Ratio 

Rs ^10 kft 

80 

100 


dB 

Ays 

Large Signal Voltage Gain 

Rl ^ 50ft, Vq — 


25 

200 


V/mV 

Vqp 

Output Voltage Swing 

Rl — 50ft 

±10 

±12.5 


V 
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LM759C 

Electrical Characteristics tj 

= 25°C, Vqc = ± 1 5V, unless otherwise specified 



Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|0 

Input Offset Voltage 

Rg <M 0 kft 


1.0 

6.0 

mV 

ho 

Input Offset Current 



5.0 

50 

nA 

•lB 

Input Bias Current 



50 

250 

nA 

Z| 

Input Impedance 


0.25 

1.5 


M n 

Icc 

Supply Current 



12 

18 

mA 

V|R 

Input Voltage Range 


V+ - 2VtoV- 

V+ - 2VtoV" 


V 


Output Short Circuit Current 

|Vcc-Vol = 30V 


±200 


mA 


Peak Output Current 

3.ov <; |v C c-v 0 l ^ iov 

±325 

±500 


mA 

Avs 

Large Signal Voltage Gain 

R|_^ 50fl,V o = ± 10V 

25 

200 


V/mV 

TR 

Transient Response 

Rise Time 

R|_ = 50n, Av =1.0 


300 


ns 



Overshoot 



10 


% 

SR 

Slew Rate 

R|_ = 50H, Av =1.0 


0.5 


V/fJLS 

BW 

Bandwidth 

A v = 1 .0 


1.0 


MHz 

The following specifications apply for 0° ^ Tj ^ + 125°C 

Vio 

Input Offset Voltage 

R s ^ lOkft 



7.5 

mV 

ho 

Input Offset Current 




100 

nA 

■lB 

Input Bias Current 




400 

nA 

CMRR 

Common Mode Rejection Ratio 

R s ^ 10 kn 

70 

100 


dB 

PSRR 

Power Supply Rejection Ratio 

Rs ^ io kn 

80 

100 


dB 

Avs 

Large Signal Voltage Gain 

R l ^ 50fl, Vq = ±10V 

25 

200 


V/mV 

Vqp 

Output Voltage Swing 

R|_ = 50fi 

±10 

±12.5 


V 
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LM759/LM77000 


LM77000 

Electrical Characteristics Tj = 25°C, Vcc == ± 15V, unless otherwise specified 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|0 

Input Offset Voltage 

R s ^ 10 kH 


1.0 

8.0 

mV 

ho 

Input Offset Current 



5.0 


nA 

>IB 

Input Bias Current 



50 

250 

nA 

Z| 

Input Impedance 


0.25 

1.5 


MU 

•cc 

Supply Current 



12 

18 

mA 

V|R 

Input Voltage Range 



+ 13 to V - 


V 

•os 

Output Short Circuit Current 



±200 


mA 

>0 PEAK 

Peak Output Current 

3.0V |V C C-V 0 I ^ 10V 

±250 

±400 


mA 

Avs 

Large Signal Voltage Gain 

R L ^ 5011, V 0 = ±10V 

25 

200 


V/mV 

TR 

Transient Response 

Rise Time 

Rl_ = 5011, Av =1.0 


300 


ns 

Overshoot 


10 


% 

SR 

Slew Rate 

R|_ = 5011, Av =1.0 


0.5 


V//AS 

BW 

Bandwidth 

A v = 1.0 


1.0 


MHz 

The following specifications apply for 0° ^ Tj ^ +1 25°C 

Vio 

Input Offset Voltage 

R s ^ 10 kH 



10 

mV 

ho 

Input Offset Current 




100 

nA 

>IB 

Input Bias Current 




400 

nA 

CMR 

Common Mode Rejection 

R s ^ 10 kH 

70 

100 


dB 

PSRR 

Power Supply Rejection Ratio 

Rs ^ io kn 

80 

100 


dB 

Avs 

Large Signal Voltage Gain 

r l ;> 5on,v 0 = ±iov 

25 

200 


V/ mV 

Vqp 

Output Voltage Swing 

R|_ = 5011 

±10 

±12.5 


V 

Note 1: Although the internal power dissipation is limited, the junction temperature must be kept below the maximum specified temperature in order to meet data 
sheet specifications. To calculate the maximum junction temperature or heat sink required, use the thermal resistance values which follow the Equivalent Circuit 
Schematic. 

Note 2: For a supply voltage less than 30V between V+ and V - , the absolute maximum input voltage is equal to the supply voltage. 

Note 3: For military electrical specifications RETS759X are available for LM759H. 


1-382 


















1-383 




000ZiWI/6SZW1 




LM759/LM77000 


Package 

Typ 

Ojc 

°c/w 

Max 

Ojc 

°C/W 

Typ 

0JA 

°C/W 

Max 

0JA 

°c/w 

Plastic Package (P) 

8.0 

12 

75 

80 

Metal Can (H) 

30 

40 

120 

150 


p D Max = 


T J Max ~ Ta Qr 
#JC + #CA 


— — — (without a heat sink) 
0JA 


0CA = #CS + #SA 


Solving Tj: 

Tj = Ta + p d (#jc + #ca) or 

= Ta + Pd^ja (without a heat sink) 

Where: 

Tj = Junction Temperature 
Ta = Ambient Temperature 
Pd = Power Dissipation 
Oja = Junction to ambient thermal resistance 
Ojc = Junction to case thermal resistance 
Oca = Case to ambient thermal resistance 
0cs = Case to heat sink thermal resistance 
0SA = Heat sink to ambient thermal resistance 


Mounting Hints 

Metal Can Package (LM759CH/LM759MH) 

The LM759 in the 8-Lead TO-99 metal can package must 
be used with a heat sink. With ±15V power supplies, the 
LM759 can dissipate up to 540 mW in its quiescent (no 
load) state. This would result in a 1 00°C rise in chip temper- 
ature to 125°C (assuming a 25°C ambient temperature). In 
order to avoid this problem, it is advisable to use either a slip 
on or stud mount heat sink with this package. If a stud 
mount heat sink is used, it may be necessary to use insulat- 
ing washers between the stud and the chassis because the 
case of the LM759 is internally connected to the negative 
power supply terminal. 

Plastic Package (LM759CP/LM77000CP) 

The LM759CP and LM77000CP are designed to be at- 
tached by the tab to a heat sink. This heat sink can be either 
one of the many heat sinks which are commercially avail- 
able, a piece of metal such as the equipment chassis, or a 
suitable amount of copper foil as on a double sided PC 
board. The important thing to remember is that the negative 
power supply connection to the op amp must be made 
through the tab. Furthermore, adequate heat sinking must 
be provided to keep the chip temperature below 125°C un- 
der worst case load and ambient temperature conditions. 
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LM759/LM77000 


Applications 


onset Null Circuit 



Audio Applications 


Low Cost Phono Amplifier 

C2 

lOpF 


47k L PI L P2 

25k X 10k 

* VOL f TONE 

CRYSTAL ^ CONT CONTROL 

CARTRIDGE T 


Paralleling LM759 Power Op Amps 



Speaker 

Impedance 

(Ohms) 

Output 

Power 

(Watts) 

Min 

Supply 

(Volts) 

V Op-p 

(Volts) 

4 

0.18 

9 

2.4 

8 

0.36 

12 

4.8 

16 

0.72 

15 

9.6 

32 

1.44 

25 

19.2 
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LM759/LM77000 


Applications (Continued) 


High Slew Rate Power Op Amp/Audio Amp 



High Slew Rate 9 V/ju,s 

High 3 dB Power Bandwidth 85 kHz 

18 Watts Output Power into an 8ft load. 

Low Distortion— *0.2%, 10 Vrms, 1 kHz into 8ft 
Design Consideration 
A v ^ 10 


Servo Applications 

AG Servo Amplifier— Bridge Type 

c 5k 50k 



Features: 

Gain of 10 

Use of LM759 Means Simple Inexpensive Circuit 
Design Considerations: 

325 mA Max Output Current 


DC Servo Amplifier 

5k 50k 



Features: 

Circuit Simplicity 

One Chip Means Excellent Reliability 
Design Considerations 
I o ^ 325 mA 

Note 1: All resistor values in ohms. 
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National Semiconductor 


LM1558/LM1458 Dual Operational Amplifier 


General Description 

The LM1558 and the LM1458 are general purpose dual op- 
erational amplifiers. The two amplifiers share a common 
bias network and power supply leads. Otherwise, their oper- 
ation is completely independent. 

The LM1458 is identical to the LM1558 except that the 
LM1458 has its specifications guaranteed over the tempera- 
ture range from 0°C to +70°C instead of -55°C to 
+ 1 25°C. 


Features 

■ No frequency compensation required 

■ Short-circuit protection 

■ Wide common-mode and differential voltage ranges 

■ Low-power consumption 

■ 8-lead can and 8-lead mini DIP 

■ No latch up when input common mode range is 
exceeded 


Schematic and Connection Diagrams 



Metal Can Package 


Dual-ln-Line Package 


v + 

OUTPUT B 

INVERTING 
INPUT B 


NONINVERTING 
INPUT B 

v- 

TL/H/7886-2 

Top View 

Order Number LM1558H, 
LM1558H/883 or LM1458H 
See NS Package Number H08C 




v + 

OUTPUT B 

INVERTING INPUT B 

NON-INVERTING 
INPUT B 

TL/H/7886-3 


Order Number LM1558J, LM1558J/883, LM1458J, LM1458M or LM1458N 
See NS Package Number J08A, M08A or N08E 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


(Note 4) 

Supply Voltage 


LM1558 

±22 V 

LM1458 

± 18V 

Power Dissipation (Note 1) 
LM1558H/LM1458H 

500 mW 

LM1458N 

400 mW 

Differential Input Voltage 

±30V 

Input Voltage (Note 2) 

± 15V 

Output Short-Circuit Duration 

Continuous 


Operating Temperature Range 
LM1558 - 55°C to -M25°C 

LM1458 0°C to + 70°C 

Storage T emperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 1 0 sec.) 260°C 

Soldering Information 
Dual-ln-Line Package 

Soldering ( 1 0 seconds) 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 21 5°C 

I nf rared ( 1 5 seconds) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

ESD tolerance (Note 5) 300V 


Electrical Characteristics (Note 3) 


Parameter 

Conditions 

LM1558 

LM1458 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

T a = 25°C, R s <; 10 kn 


1.0 

5.0 


1.0 

6.0 

mV 

Input Offset Current 

T a = 25°C 


80 

200 


80 

200 

nA 

Input Bias Current 

T a = 25°C 


200 

500 


200 

500 

nA 

Input Resistance 

T a = 25°C 

0.3 

1.0 


0.3 

1.0 


Mn 

Supply Current Both 
Amplifiers 

T a = 25°C,V S = ± 15V 


3.0 

5.0 


3.0 

5.6 

mA 

Large Signal Voltage Gain 

T a = 25°C, V s = ±15V 

Vqut = ± 1 0V, R|_ ;> 2 kfl 

50 

160 


20 

160 


V/mV 

Input Offset Voltage 

Rg 0 kn 



6.0 



7.5 

mV 

Input Offset Current 




500 



300 

nA 

Input Bias Current 




1.5 



0.8 

jmA 

Large Signal Voltage Gain 

v s = ± 1 5V, Vqut = +10V 
r l 2 > kn 

25 



15 



V/mV 

Output Voltage Swing 

V s — ±15V, R l = 10 kn 

R|_ = 2 kn 

±12 

±14 


±12 

±14 


V 

±10 

±13 


±10 

±13 


V 

Input Voltage Range 

V s = ± 15V 

±12 



±12 



V 

Common Mode 

Rejection Ratio 

Rs ^ io kn 

70 

90 


70 

90 


dB 

Supply Voltage 

Rejection Ratio 

R s ^ 10 kn 

77 

96 


77 

96 


dB 


Note 1: The maximum junction temperature of the LM1558 is 150°C, while that of the LM1458 is 100°C. For operating at elevated temperatures, devices in the H08 
package must be derated based on a thermal resistance of 150°C/W, junction to ambient or 20°C/W, junction to case. For the DIP the device must be derated 
based on a thermal resistance of 187°C/W, junction to ambient. 

Note 2: For supply voltages less than ± 1 5V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: These specifications apply for V§ = ± 15V and -55°C ^ Ta ^ 125°C, unless otherwise specified. With the LM1458, however, all specifications are limited 
to 0°C ^ T a ^ 70°C and V s = ±15V. 

Note 4: Refer to RETS 1558V for LM1558J and LM1558H military specifications. 

Note 5: Human body model, 1.5 kft in series with 100 pF. 
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Na t 


ion a l Semiconductor 


LM1875 20W Audio Power Amplifier 


General Description 

The LM1875 is a monolithic power amplifier offering very 
low distortion and high quality performance for consumer 
audio applications. 

The LM1875 delivers 20 watts into a 4fl or 8fl load on 
±25V supplies. Using an 80 load and ±30V supplies, over 
30 watts of power may be delivered. The amplifier is de- 
signed to operate with a minimum of external components. 
Device overload protection consists of both internal current 
limit and thermal shutdown. 

The LM1875 design takes advantage of advanced circuit 
techniques and processing to achieve extremely low distor- 
tion levels even at high output power levels. Other outstand- 
ing features include high gain, fast slew rate and a wide 
power bandwidth, large output voltage swing, high current 
capability, and a very wide supply range. The amplifier is 
internally compensated and stable for gains of 1 0 or great- 
er. 


Features 

■ Up to 30 watts output power 

■ A vo typically 90 dB 

■ Low distortion: 0.015%, 1 kHz, 20 W 

■ Wide power bandwidth: 70 kHz 

■ Protection for AC and DC short circuits to ground 

■ Thermal protection with parole circuit 

■ High current capability: 4A 

■ Wide supply range 16V-60V 

■ Internal output protection diodes 

■ 94 dB ripple rejection 

■ Plastic power package TO-220 

Applications 

■ High performance audio systems 

■ Bridge amplifiers 

■ Stereo phonographs 

■ Servo amplifiers 

■ Instrument systems 


Connection Diagram 


Vcc 

OUTPUT 
-VEE 
-IN 
+ IN 


TL/H/5030-1 

Front View 


Order Number LM1875T 
See NS Package Number T05B 


Typical Applications 


+ Vcc 




1-392 





Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage 60V 

Input Voltage -Vee to Vcc 


Storage Temperature -65°C to + 1 50°C 

Junction T emperature 1 50°C 

Lead T emperature (Soldering, 1 0 seconds) 260°C 

0j C 3°C 

0JA 73°C 


Electrical Characteristics 

Vcc = + 25V, -Vee= -25V, Tambient = 25°C, Rl~ 8ft, Av = 20 (26 dB), f 0 = 1 kHz, unless otherwise specified. 


Parameter 

Conditions 

Typical 

Tested Limits 

Units 

Supply Current 

p OUT = 0W 

70 

100 

mA 

Output Power (Note 1) 

THD= 1 % 

25 


W 

THD (Note 1) 

P O UT = 20W,f o = 1 kHz 

0.015 


% 


p OUT = 20W, f 0 = 20 kHz 

0.05 

0.4 

% 


Pout = 20W, r l = 4ft , f 0 = i kHz 

0.022 


% 


P O ut = 20W, Rl = 4H, f o = 20 kHz 


0.6 

% 

Offset Voltage 


±1 

+ 15 

mV 

Input Bias Current 


±0.2 

±2 

julA 

Input Offset Current 


0 

±0.5 

ju,A 

Gain-Bandwidth Product 

f 0 = 20 kHz 

5.5 


MHz 

Open Loop Gain 

DC 

90 


dB 

PSRR 

Vcc, 1 kHz, 1 Vrms 

95 

52 

dB 


Vee, 1 kHz, 1 Vrms 

83 

52 

dB 

Max Slew Rate 

20W, 8 ft, 70 kHz BW 

8 


V/jLtS 

Current Limit 

v OUT = ^SUPPLY “ 1 0V 

4 

CO 

A 

Equivalent Input Noise Voltage 

R S = 600ft, CCIR 

3 


jaVrms 


Note 1: Assumes the use of a heat sink having a thermal resistance of 1°C/W and no insulator with an ambient temperature of 25°C. Because the output limiting 
circuitry has a negative temperature coefficient, the maximum output power delivered to a 4ft load may be slightly reduced when the tab temperature exceeds 
55°C. 


Typical Applications (Continued) 

Typical Single Supply Operation 



TL/H/5030-3 
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Typical Performance Characteristics 



0.1 IX) 10 100 

POWER OUTPUT (W) 


THD vs Frequency 


0.1 

0.09 

nrw 








ss 

L 

m 







0.07 





















t 









0.04 

0.03 

« 


— 

m 

m 

1 



J 

■utA 

j 



/ 







0.02 

0.01 

0 




jflgiJ 















z 

z 

C 

□ 


z~ 


z 


20 50 100 200 500 1k 2k 5k 10k 20k 
FREQUENCY (Hz) 


Power Output vs Supply 
Voltage 


R L *sa 




/ 

THD 

II 




L 





7 





j 

/ 




_J 

ZJ 





2 





/ 






0 5 10 15 20 25 30 

SUPPLY VOLTAGE (±V) 


Supply Current vs Supply 
Voltage 
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Power Dissipation vs 
Power Output 
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Power Dissipation vs 
Power Output 
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Device Dissipation vs 
Ambient Temperature t 



0 20 40 60 80 100 120 140 160 

T a - AMBIENT TEMPERATURE (°C) 
t<J>INTERFACE = 1°C/W. 

See Application Hints. 


■out vs VouT-Current Limit/ 
Safe Operating Area Boundary 
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Open Loop Gain and 
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Input Bias Current 



’Thermal shutdown with infinite heat sink 
* ’Thermal shutdown with 1°C/W heat sink 


TL/H/5030-4 
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Application Hints 

STABILITY 

The LM1875 is designed to be stable when operated at a 
closed-loop gain of 10 or greater, but, as with any other 
high-current amplifier, the LM1875 can be made to oscillate 
under certain conditions. These usually involve printed cir- 
cuit board layout or output/input coupling. 

Proper layout of the printed circuit board is very important. 
While the LM1875 will be stable when installed in a board 
similar to the ones shown in this data sheet, it is sometimes 
necessary to modify the layout somewhat to suit the physi- 
cal requirements of a particular application. When designing 
a different layout, it is important to return the load ground, 
the output compensation ground, and the low level (feed- 
back and input) grounds to the circuit board ground point 
through separate paths. Otherwise, large currents flowing 
along a ground conductor will generate voltages on the con- 
ductor which can effectively act as signals at the input, re- 
sulting in high frequency oscillation or excessive distortion. 
It is advisable to keep the output compensation compo- 
nents and the 0.1 jutF supply decoupling capacitors as close 
as possible to the LM1875 to reduce the effects of PCB 
trace resistance and inductance. For the same reason, the 
ground return paths for these components should be as 
short as possible. 

Occasionally, current in the output leads (which function as 
antennas) can be coupled through the air to the amplifier 
input, resulting in high-frequency oscillation. This normally 
happens when the source impedance is high or the input 
leads are long. The problem can be eliminated by placing a 
small capacitor (on the order of 50 pF to 500 pF) across the 
circuit input. 

Most power amplifiers do not drive highly capacitive loads 
well, and the LM1875 is no exception. If the output of the 
LM1875 is connected directly to a capacitor with no series 
resistance, the square wave response will exhibit ringing if 
the capacitance is greater than about 0.1 juF. The amplifier 
can typically drive load capacitances up to 2 jllF or so with- 
out oscillating, but this is not recommended. If highly capaci- 
tive loads are expected, a resistor (at least 1 H) should be 
placed in series with the output of the LM1875. A method 
commonly employed to protect amplifiers from low imped- 
ances at high frequencies is to couple to the load through a 
ion resistor in parallel with a 5 ju,H inductor. 

DISTORTION 

The preceding suggestions regarding circuit board ground- 
ing techniques will also help to prevent excessive distortion 
levels in audio applications. For low THD, it is also neces- 
sary to keep the power supply traces and wires separated 
from the traces and wires connected to the inputs of the 
LM1875. This prevents the power supply currents, which 
are large and nonlinear, from inductively coupling to the 
LM1875 inputs. Power supply wires should be twisted to- 
gether and separated from the circuit board. Where these 
wires are soldered to the board, they should be perpendicu- 
lar to the plane of the board at least to a distance of a 
couple of inches. With a proper physical layout, THD levels 
at 20 kHz with 10W output to an 8H load should be less 
than 0.05%, and less than 0.02% at 1 kHz. 


CURRENT LIMIT AND SAFE OPERATING AREA (SOA) 
PROTECTION 

A power amplifier’s output transistors can be damaged by 
excessive applied voltage, current flow, or power dissipa- 
tion. The voltage applied to the amplifier is limited by the 
design of the external power supply, while the maximum 
current passed by the output devices is usually limited by 
internal circuitry to some fixed value. Short-term power dis- 
sipation is usually not limited in monolithic audio power am- 
plifiers, and this can be a problem when driving reactive 
loads, which may draw large currents while high voltages 
appear on the output transistors. The LM1875 not only limits 
current to around 4A, but also reduces the value of the limit 
current when an output transistor has a high voltage across 
it. 

When driving nonlinear reactive loads such as motors or 
loudspeakers with built-in protection relays, there is a possi- 
bility that an amplifier output will be connected to a load 
whose terminal voltage may attempt to swing beyond the 
power supply voltages applied to the amplifier. This can 
cause degradation of the output transistors or catastrophic 
failure of the whole circuit. The standard protection for this 
type of failure mechanism is a pair of diodes connected be- 
tween the output of the amplifier and the supply rails. These 
are part of the internal circuitry of the LM1875, and needn’t 
be added externally when standard reactive loads are driv- 
en. 

THERMAL PROTECTION 

The LM1875 has a sophisticated thermal protection scheme 
to prevent long-term thermal stress to the device. When the 
temperature on the die reaches 170°C, the LM1875 shuts 
down. It starts operating again when the die temperature 
drops to about 1 45°C, but if the temperature again begins to 
rise, shutdown will occur at only 150°C. Therefore, the de- 
vice is allowed to heat up to a relatively high temperature if 
the fault condition is temporary, but a sustained fault will 
limit the maximum die temperature to a lower value. This 
greatly reduces the stresses imposed on the 1C by thermal 
cycling, which in turn improves its reliability under sustained 
fault conditions. 

Since the die temperature is directly dependent upon the 
heat sink, the heat sink should be chosen for thermal resist- 
ance low enough that thermal shutdown will not be reached 
during normal operation. Using the best heat sink possible 
within the cost and space constraints of the system will im- 
prove the long-term reliability of any power semiconductor 
device. 

POWER DISSIPATION AND HEAT SINKING 

The LM1875 must always be operated with a heat sink, 
even when it is not required to drive a load. The maximum 
idling current of the device is 100 mA, so that on a 60V 
power supply an unloaded LM1875 must dissipate 6W of 
power. The 54°C/W junction-to-ambient thermal resistance 
of a TO-220 package would cause the die temperature to 
rise 324°C above ambient, so the thermal protection circuit- 
ry will shut the amplifier down if operation without a heat 
sink is attempted. 
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Application Hints (Continued) 

In order to determine the appropriate heat sink for a given 
application, the power dissipation of the LM1875 in that ap- 
plication must be known. When the load is resistive, the 
maximum average power that the 1C will be required to dissi- 
pate is approximately: 

~ v s 2 

p D< MAX >~5^ +PQ 

where Vs is the total power supply voltage across the 
LM1875, R[_ is the load resistance, and Pq is the quiescent 
power dissipation of the amplifier. The above equation is 
only an approximation which assumes an “ideal” class B 
output stage and constant power dissipation in all other 
parts of the circuit. The curves of “Power Dissipation vs 
Power Output” give a better representation of the behavior 
of the LM1875 with various power supply voltages and re- 
sistive loads. As an example, if the LM1 875 is operated on a 
50V power supply with a resistive load of 8ft, it can develop 
up to 1 9W of internal power dissipation. If the die tempera- 
ture is to remain below 1 50°C for ambient temperatures up 
to 70°C, the total junction-to-ambient thermal resistance 
must be less than 


150°C— 70°C 
19W 


= 4.2°C/W. 


Using 0jc=2°C/W, the sum of the case-to-heat-sink inter- 
face thermal resistance and the heat-sink-to-ambient ther- 
mal resistance must be less than 2.2°C/W. The case-to- 
heat-sink thermal resistance of the TO-220 package varies 
with the mounting method used. A metal-to-metal interface 
will be about 1°C/W if lubricated, and about 1.2°C/W if dry. 


If a mica insulator is used, the thermal resistance will be 
about 1 .6°C/W lubricated and 3.4°C/W dry. For this exam- 
ple, we assume a lubricated mica insulator between the 
LM1875 and the heat sink. The heat sink thermal resistance 
must then be less than 
4.2°C/W - 2°C/W - 1 .6°C/W = 0.6°C/W. 

This is a rather large heat sink and may not be practical in 
some applications. If a smaller heat sink is required for rea- 
sons of size or cost, there are two alternatives. The maxi- 
mum ambient operating temperature can be reduced to 
50° C (122°F), resulting in a 1.6°C/W heat sink, or the heat 
sink can be isolated from the chassis so the mica washer is 
not needed. This will change the required heat sink to a 
1 .2°C/W unit if the case-to-heat-sink interface is lubricated. 
Note: When using a single supply, maximum transfer of heat away from the 
LM1875 can be achieved by mounting the device directly to the heat 
sink (tab is at ground potential); this avoids the use of a mica or other 
type insulator. 

The thermal requirements can become more difficult when 
an amplifier is driving a reactive load. For a given magnitude 
of load impedance, a higher degree of reactance will cause 
a higher level of power dissipation within the amplifier. As a 
general rule, the power dissipation of an amplifier driving a 
60° reactive load (usually considered to be a worst-case 
loudspeaker load) will be roughly that of the same amplifier 
driving the resistive part of that load. For example, a loud- 
speaker may at some frequency have an impedance with a 
magnitude of 8ft and a phase angle of 60°. The real part of 
this load will then be 4ft, and the amplifier power dissipation 
will roughly follow the curve of power dissipation with a 4ft 
load. 


Component Layouts 

Split Supply 



Single Supply 
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National Semiconductor 


LM1877 Dual Audio Power Amplifier 


General Description 

The LM1877 is a monolithic dual power amplifier designed 
to deliver 2W/channel continuous into 8fl loads. The 
LM1877 is designed to operate with a low number of exter- 
nal components, and still provide flexibility for use in stereo 
phonographs, tape recorders and AM-FM stereo receivers, 
etc. Each power amplifier is biased from a common internal 
regulator to provide high power supply rejection, and output 
Q point centering. The LM1877 is internally compensated 
for all gains greater than 1 0. 

Features 

■ 2W/channel 

■ -65 dB ripple rejection, output referred 

■ -65 dB channel separation, output referred 


■ Wide supply range, 6V-24V 

■ Very low cross-over distortion 

■ Low audio band noise 

■ AC short circuit protected 

■ Internal thermal shutdown 

Applications 

■ Multi-channel audio systems 

■ Stereo phonographs 

■ Tape recorders and players 

■ AM-FM radio receivers 

■ Servo amplifiers 

■ Intercom systems 

■ Automotive products 


Connection Diagram 


Dual-ln~Line Package 
or Surface Mount Package 



Top View 


Equivalent Schematic Diagram 


Order Number LM1877M-9 or LM1877N-9 
See NS Package Number M14B or N14A 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage 
Input Voltage 
Operating Temperature 
Storage Temperature 
Junction Temperature 


26V 
±0.7V 
0°Cto + 70°C 
-65°C to +150°C 
150°C 


Lead Temperature 


N-Package Soldering (10 sec.) 

260°C 

M-Package Infared (15 sec.) 

220° C 

M-Package Vapor Phase (60 sec.) 

215°C 

Thermal Resistance 


0jc (N-Package) 

30°C/W 

0ja (N-Package) 

79°C/W 

0jc (M-Package) 

27°C/W 

0ja (M-Package) 

1 14°C/W 


Electrical Characteristics 

Vs = 20V, T a = 25°C, (See Note 1) R L = 8 a, Av = 50 (34 dB) unless otherwise specified 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Total Supply Current 

P 0 = ow 


25 

50 

mA 

Output Power 

LM1877 

THD = 10% 

V s = 20V, R L = 8a 

V s = 12V, r l = 8a 

2.0 

1.3 


W/Ch 

W/Ch 

Total Harmonic Distortion 

LM1877 

f = 1 kHz, V s = 14V 






Po = 50 mW/Channel 


0.075 


% 


Po = 500 mW/Channel 


0.045 


% 


P 0 = 1 W/Channel 


0.055 


% 

Output Swing 

a 

CO 

II 

_l 

CC 


V S -6 


Vp-p 

Channel Separation 

Cp = 50 jliF, C|n = 0.1 jllF, 
f = 1 kHz, Output Referred 






V s = 20V, V 0 = 4 Vrms 

-50 

-70 


dB 


V s = 7V, V 0 = 0.5 Vrms 


-60 


dB 

PSRR Power Supply 
Rejection Ratio 

Cp = 50 julF, C| N = 0.1 /xF, 
f = 120 Hz, Output Referred 






Vs = 20V, Vripple = 1 Vrms 

-50 

-65 


dB 


Vs = 7V, Vripple = 0.5 Vrms 


-40 


dB 

Noise 

Equivalent Input Noise 






Rs = 0, C|n — 0.1 /xF, 

BW = 20 Hz-20 kHz, Output Noise Wideband 


2.5 




Rs = 0, Cn = 0.1 julF, A v 200 


0.80 


mV 

Open Loop Gain 

R s = 0, f = 100 kHz, R L = 8a 


70 


dB 

Input Offset Voltage 



15 


mV 

Input Bias Current 



50 


nA 

Input Impedance 

Open Loop 


4 


Ma 

DC Output Level 

V s = 20V 

9 

10 

11 

V 

Slew Rate 



2.0 


V/jLtS 

Power Bandwidth 



65 


kHz 

Current Limit 



1.0 


A 


Note 1: For operation at ambient temperature greater than 25°C, the LM1877 must be derated based on a maximum 150°C junction temperature. 



1-399 


LM1877 




LM1877 


Typical Performance Characteristics 


Device Dissipation vs 
Ambient Temperature 
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VOLTAGE GAIN OF TONE CONTROL (dB) 


Typical Applications 



Frequency Response of Bass Tone Control 


Inverting Unity Gain Amplifier 
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National Semiconductor 


LM1896/LM2896 Dual Audio Power Amplifier 

Features 

■ Low AM radiation 

■ Low noise 

■ 3V, 4ft, stereo P 0 = 250 mW 

■ Wide supply operation 3V-15V (LM2896) 

■ Low distortion 

■ No turn on “pop” 

■ Adjustable voltage gain and bandwidth 

■ Smooth waveform clipping 

■ P 0 = 9W bridged, LM2896 

Applications 

■ Compact AM-FM radios 

■ Stereo tape recorders and players 

■ High power portable stereos 


Typical Applications 



TL/H/7920-1 

FIGURE 1. LM2896 in Bridge Configuration (A v = 400, BW = 20 kHz) 
Order Number LM1896N Order Number LM2896P 
See NS Package Number N14A See NS Package Number PI 1A 


General Description 

The LM1896 is a high performance 6V stereo power amplifi- 
er designed to deliver 1 watt/channel into 4ft or 2 watts 
bridged monaural into 8ft. Utilizing a unique patented com- 
pensation scheme, the LM1896 is ideal for sensitive AM 
radio applications. This new circuit technique exhibits lower 
wideband noise, lower distortion, and less AM radiation than 
conventional designs. The amplifier’s wide supply range 
(3V-9V) is ideal for battery operation. For higher supplies 
(Vs > 9V) the LM2896 is available in an 11 -lead single-in-" 
line package. The LM2896 package has been redesigned, 
resulting in the slightly degraded thermal characteristics 
shown in the figure Device Dissipation vs Ambient Tempera- 
ture. 



1 
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LM1896/LM2896 


Absolute Maximum Ratings 









If Military/Aerospace specified devices are required, 

Junction Temperature 




150°C 

please contact the 

National Semiconductor Sales 

Lead Temperature (Soldering, 10 sec.) 


260°C 

Office/Distributors for availabiiity and specifications. 

Thermal Resistance 






Supply Voltage 


#jc (DIP) 






30°C/W 

LM1896 

V s = 12V 

0ja(DIP) 






1 37°C/W 

LM2896 

V s = 18V 

0JC (SIP) 






10°C/W 

Operating T emperature (Note 1 ) 0°C to + 70°C 

0ja(SIP) 






55°C/W 

Storage Temperature 

— 65°Cto +150°C 









Electrical Characteristics 









Unless otherwise specified, Ta = 25°C, Ay = 200 (46 dB). For the LM1896; Vs - 6V and Ri_ = 

4ft. For LM2896, 

t TAB = 25°C, Vs = 12V and Rl = 8ft. Test circuit shown in Figure 2. 








Parameter 

Conditions 


LM1896 

LM2896 











Min 



Min 

Typ 





Supply Current 

P 0 = OW, Dual Mode 


15 

25 


25 



Operating Supply Voltage 


3 


10 

3 


15 

V 

Output Power 

THD= 10%, f = 1kHz 







n 


LM1896N-1 

V s = 6V, R l = 4ft Dual Mode " 








W/ch 

LM1896N-2 

Vs = 6V, Rl = 8ft Bridge Mode 

\ T A = 25°C 


Bl 

2.1 




W [ 


V s = 9V, R L = 8ft Dual Mode > 








W/ch 

LM2896P-1 

V S = 12V, R L = 8ft Dual Mode 1 





2.0 


■ 

W/ch 

LM2896P-2 

V s = 12V, R L = 8ft Bridge Mode 
Vs = 9V, Rl = 4ft Bridge Mode 

Tjab = 25°C 


■ 


■ 


■ 

W 

W 


V s = 9V, R l = 4ft Dual Mode J 





■ 


■ 

W/ch 

Distortion 

f = 1 kHz 

P 0 = 50 mW 


■ 

0.09 



0.09 


% 


P 0 = 0.5W 



0.11 



0.11 


% 


P 0 = 1W 






0.14 


% 

Power Supply Rejection 

C B y =100 /aF, f = 1 kHz, C|n = 0.1 jaF 

-40 

-54 


-40 


■ 

dB 

Ratio (PSRR) 

Output Referred, Vripple = 250 mV 


■ 

Channel Separation 

C B y = 100 juF, f = 1 kHz, C| N = 0.1 /xF 

-50 

-64 


-50 



dB 


Output Referred 




Noise 

Equivalent Input Noise Rs = 0, 

C| N = 0.1 jxF, BW = 20 - 20 kHz 


■ 

1.4 



1.4 


MV 


CCIR/ARM 



1.4 



1.4 


mV 


Wideband 


■ 

2.0 



2.0 


mV 

DC Output Level 


2.8 

D 

3.2 

5.6 

6 

m 

V 

Input Impedance 


50 



50 

100 

350 

kft 

Input Offset Voltage 



5 



5 


mV 

Voltage Difference 
between Outputs 

LM1896N-2, LM2896P-2 


10 

20 


10 

20 

mV 

Input Bias Current 



120 



120 


nA 

Note 1: For operation at ambient temperature greater than 25°C, the LM1 896/LM2896 must be derated based on a maximum 1 50°C junction temperature using a 

thermal resistance which depends upon mounting techniques. 
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Typical Performance Curves (Continued) 


Total Harmonic Distortion 
vs Power Output 


Power Dissipation vs 
Power Output R|_ = 4 Cl 


Power Dissipation vs 
Power Output Rl = 80 


p 

m 

« 

■■ 

■■ 

Hill 

■iiiiiSSS! 

IIIIIIHHI 

■ ill iSS 
mi m 

SaSiiiii 

■lllllil 

5 

ii 

111! 

in 

ilium 


j— 

1111 

ill 

mi 

am 

:j: ,j= 


Z 

1 

■■ 

i; 

SK1XQ3SE’ 

III 1 Mill 

iinma i 

ii' ISS 

ill 

i ! i SS5S 

■■■■■in 

■lllllil 

ilium 


111 

lllllil 



0.01 0.1 1.0 10 
POWER OUTPUT (W/CHANNEL) 

Equivalent Schematic 



1 2 3,4 5 

POWER OUTPUT (W/CHANNEL) 


0 0.5 1.0 1.5 2.0 

POWER OUTPUT (W/CHANNEL) 

TL/H/7920-3 



6, 9 No connection on LM1 896 
( ) indicates pin number for LM2896 

Connection Diagrams 


Dual-ln-Line Package 


TL/H/7920-4 


Single-In-Line Package 


+IN 1 — 

u 

14 

OUTPUT 2 — 

— +IN 2 

BOOTSTRAP 2 — 

2 

-INI — 


13 

— -IN 2 


3 

BOOTSTRAP 1 — 


12 

— BOOTSTRAP 2 

-IN 2—1 

4 


11 

+IN 2 — - 

GND — 

LM1896 

— GND 

5 


10 

e 

OUTPUT 1 — 


— OUTPUT 2 

GND — 

NC — 


9 

— NC 

+IN 1 — 

BYPASS 


8 

— + v s 

8 



-IN 1 — 1 


TL/H/7920-5 


Top View 


OUTPUT 1 -^J 


O 


o 


TL/H/7920-6 


Top View 
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Typical Applications (Continued) 


c s v + 




6, 9 No connection on LM1896 
( ) Indicates pin number for LM2896 


FIGURE 2. Stereo Amplifier with A v = 200, BW = 30 kHz 


External Components (Figure 2 > 


Components 

1. R2, R5, RIO, R13 

2. R3.R12 

3. R 0 

4. Cl, Cl 4 

5. C2, Cl 3 

6. C3, Cl 2 

7. C5, CIO 

8. C7 

9. C c 

10. C 0 

11. C s 


Comments 

Sets voltage gain, Av = 1 + R5/R2 for one channel and Av = 1 + R10/R13 
for the other channel. 

Bootstrap resistor sets drive current for output stage and allows pins 3 and 1 2 to 
go above Vs- 

Works with C 0 to stabilize output stage. 

Input coupling capacitor. Pins 1 and 14 are at a DC potential of Vs/2. Low 
frequency pole set by: 


L 2tt R| N Cl 

Feedback capacitors. Ensure unity gain at DC. Also a low frequency pole at: 
fL “ 2 ttR2C2 

Bootstrap capacitors, used to increase drive to output stage. A low frequency 
pole is set by: 


L 2ttR3C3 

Compensation capacitor. These stabilize the amplifiers and adjust their 
bandwidth. See curve of bandwidth vs allowable gain. 

Improves power supply rejection (See Typical Performance Curves). Increasing 
C7 increases turn-on delay. 

Output coupling capacitor. Isolates pins 5 and 10 from the load. Low frequency 
pole set by: 


L 2tt C c R l 

Works with R 0 to stabilize output stage. 
Provides power supply filtering. 
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LM1896/LM2896 


Application Hints 


AM Radios 


The LM1896/LM2896 has been designed fo fill a wide 
range of audio power applications. A common problem with 
1C audio power amplifiers has been poor signal-to-noise per- 
formance when used in AM radio applications. In a typical 
radio application, the loopstick antenna is in close proximity 
to the audio amplifer. Current flowing in the speaker and 
power supply leads can cause electromagnetic coupling to 
the loopstick, resulting in system oscillation. In addition, 
most audio power amplifiers are not optimized for lowest 
noise because of compensation requirements. If noise from 
the audio amplifier radiates into the AM section, the sensitiv- 
ity and signal-to-noise ratio will be degraded. 

The LM1896 exhibits extremely low wideband noise due in 
part to an external capacitor C5 which is used to tailor the 
bandwidth. The circuit shown in Figure 2 is capable of a 
signal-to-noise ratio in excess of 60 dB referred to 50 mW. 
Capacitor C5 not only limits the closed loop bandwidth, it 
also provides overall loop compensation. Neglecting C2 in 
Figure 2, the gain is: 


A V (S) = 


S + Ay o)q 
S + o) 0 


where Av = 


R2 + R5 1 

R2 ’ “° ~ R5C5 


A curve of -3 dB BW (co 0 ) vs Ay is shown in the Typical 
Performance Curves. 


Figure 3 shows a plot of recovered audio as a function of 
field strength in jutV/M. The receiver section in this example 
is an LM3820. The power amplifier is located about two 
inches from the loopstick antenna. Speaker leads run paral- 
lel to the loopstick and are 1 /8 inch from it. Referenced to a 
20 dB S/N ratio, the improvement in noise performance 
over conventional designs is about 10 dB. This corresponds 
to an increase in usable sensitivity of about 8.5 dB. 


Bridge Amplifiers 

The LM1896/LM2896 can be used in the bridge mode as a 
monaural power amplifier. In addition to much higher power 
output, the bridge configuration does not require output cou- 
pling capacitors. The load is connected directly between the 
amplifier outputs as shown in Figure 4. 


Amp 1 has a voltage gain set by 1 + R5/R2. The output of 
amp 1 drives amp 2 which is configured as an inverting 
amplifier with unity gain. Because of this phase inversion in 
amp 2, there is a 6 dB increase in voltage gain referenced to 
Vj. The voltage gain in bridge is: 



Cb is used to prevent DC voltage on the output of amp 1 
from causing offset in amp 2. Low frequency response is 
influenced by: 


fL = ; 


1 


2rr RgCe 

Several precautions should be observed when using the 
LM1896/LM2896 in bridge configuration. Because the am- 
plifiers are driving the load out of phase, an 8ft speaker will 
appear as a 4ft load, and a 4ft speaker will appear as a 2ft 
load. Power dissipation is twice as severe in this situation. 
For example, if Vs = 6V and Rl = 8ft bridged, then the 
maximum dissipation is: 

Vs 62 

P D =^X2 = — X2 


20 X 4 


P D = 0.9 Watts 

This amount of dissipation is equivalent to driving two 4ft 
loads in the stereo configuration. 


When adjusting the frequency response in the bridge config- 
uration, R5C5 and R10C10 form a 2 pole cascade and the 
— 3 dB bandwidth is actually shifted to a lower frequency: 


BW = 


0.707 

2ttRC 


where R = feedback resistor 


C = feedback capacitor 

To measure the output voltage, a floating or differential me- 
ter should be used because a prolonged output short will 
over dissipate the package. Figure 1 shows the complete 
bridge amplifier. 



0.01 0.1 1 10 


FIELD STRENGTH (mV/M) 

TL/H/7920-9 

FIGURE 3. Improved AM Sensitivity over Conventional Design 
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Application Hints (Continued) 



TL/H/7920-10 


Figure 4. Bridge Amplifier Connection 


Printed Circuit Layout 

Printed Circuit Board Layout 

Figure 5 and Figure 6 show printed circuit board layouts for 
the LM1896 and LM2896. The circuits are wired as stereo 
amplifiers. The signal source ground should return to the 
input ground shown on the boards. Returning the loads to 
power supply ground through a separate wire will keep the 
THD at its lowest value. The inputs should be terminated in 


less than 50 kn to prevent an input-output oscillation. This 
oscillation is dependent on the gain and the proximity of the 
bridge elements Rb and Cb to the (+) input. If the bridge 
mode is not used, do not insert Rb, Cb into the PCB. 

To wire the amplifer into the bridge configuration, short the 
capacitor on pin 7 (pin 1 of the LM1896) to ground. Connect 
together the nodes labeled BRIDGE and drive the capacitor 
connected to pin 5 (pin 14 of the LM1896). 



COMPONENT SIDE 

FIGURE 5. Printed Circuit Board Layout for the LM1896 


TL/H/7920-1 1 
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LM1896/LM2896 




FIGURE 6. Printed Circuit Board Layout for the LM2896 


TL/H/7920-12 




National Semiconductor 


LM2877 Dual 4W Audio Power Amplifier 

General Description 

The LM2877 is a monolithic dual power amplifier designed 
to deliver 4W/channel continuous into 8fl loads. The 
LM2877 is designed to operate with a low number of exter- 
nal components, and still provide flexibility for use in stereo 
phonographs, tape recorders and AM-FM stereo receivers, 
etc. Each power amplifier is biased from a common internal 
regulator to provide high power supply rejection and output 
Q point centering. The LM2877 is internally compensated 
for all gains greater than 1 0, and comes in an 1 1 -lead sin- 
gle-in-line package. 

Features 

■ 4W/channel 

■ -68 dB ripple rejection, output referred 

■ -70 dB channel separation, output referred 


■ Wide supply range, 6-24 V 

■ Very low cross-over distortion 

■ Low audio band noise 

■ AC short circuit protected 

■ Internal thermal shutdown 

Applications 

■ Multi-channel audio systems 

■ Stereo phonographs 

■ Tape recorders and players 

■ AM-FM radio receivers 

■ Servo amplifiers 

■ Intercom systems 

■ Automotive products 



Connection Diagram 


(Single-ln-Line Package) 



Top View 

Order Number LM2877P 
See NS Package Number P11A 


*Pin 6 must be connected to GND. 


| 
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Absolute Maximum Ratings 





If Military /Aerospace specified devices are required, Storage Temperature 


— 65°CtO +150°C 

please contact the National Semiconductor Sales Junction Temperature 



150°C 

Office/Distributors for availability and specifications. Lead T emperature (Soldering, 10 sec.) 


260°C 

Supply Voltage 

26V 

Thermal Resistance 




Input Voltage 

±0.7V # JC 




10°C/W 

Operating Temperature 

0°Cto+70°C 0 JA 




55°C/W 

Electrical Characteristics v s = 2ov, t TA b = 25°c, r l = sn, a v = 50 (34 dB) unless otherwise specified. 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Total Supply Current 

0 

11 

0 

CL 


25 

50 

mA 

Operating Supply Voltage 


6 


24 

V 

Output Power/Channel 

f = 1 kHz, THD = 10 %,T TA b = 25°C 

V s = 20V 

4.0 

4.5 


W 


V s = 18V 


3.6 


W 


V s = 12 V, R l = 4 a 

1.5 

1.9 


W 


V s = 12V, R L = 8 ft 


1.0 


W 

Distortion, THD 

f = 1 kHz, V s = 20V 

Pq = 50 mW/Channel 


0.1 


% 


Po = 1 W/Channel 


0.07 

1 

% 


Po = 2W/Channel 
f = 1 kHz, V s = 12V, R l = 4H 


0.07 


% 


Po = 50 mW/Channel 


0.25 


% 


Pq = 500 mW/Channel 


0.20 


% 


Pq = IW/Channel 


0.15 

1 

% 

Output Swing 

R L = 8H 


V s -4 


V P-P 

Channel Separation 

Cp = 50 juF, C|n = 0.1 juF, f = 1 kHz, 

Output Referred 






V s = 20V, V 0 = 4 Vrms 

-50 

-70 


dB 


V s = 7V, V 0 = 0.5 Vrms 


-60 


dB 

PSRR Power Supply 

C F = 50 ju,F, C| N = 0.1 juF, f = 120 Hz 





Rejection Ratio 

Output Referred 

Vs = 20V, Vripple = 1 Vrms 

-50 

-68 


dB 


Vs = 7V, Vripple = 0.5 Vrms 


-40 


dB 

Noise 

Equivalent Input Noise 

R s = 0, C| N = 0.1 jaF, BW = 20 Hz-20 kHz 
Output Noise Wideband 


2.5 


juV 


Rs = 0, C|n = 0.1 ju.F, Ay = 200 


0.80 


mV 

Open Loop Gain 

Rs = 0, f = 1 kHz, R L - 8a 


70 


dB 

Input Offset Voltage 



15 


mV 

Input Bias Current 



50 


nA 

Input Impedance 

Open Loop 


4 


Ma 

DC Output Level 

V S = 20V 

9 

10 

11 

V 

Slew Rate 



2.0 


V/jus 

Power Bandwidth 



65 


kHz 

Current Limit 



1.0 


A 

Note 1: For operation at ambient temperature greater than 25°C, the LM2877 must be derated based on a maximum 150°C junction temperature using a thermal 

resistance which depends upon device mounting techniques. 
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DEVICE DISSIPATION (W) 

BOTH CHANNELS OPERATING AVERAGE SUPPLY CURRENT (mA) POWER SUPPLY REJECTION (dB) DEVICE DISSIPATION (W) 
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Typical Applications 


STEREO 

CERAMIC 

CARTRIDGE 


Stereo Phonograph Amplifier with Bass Tone Control 



Frequency Response of Bass Tone Control 



20 50 100 200 500 Ik 2k 5k 10k 20k 


FREQUENCY (Hz) 

TL/H/7933-5 


TL/H/7933-4 




11 












Typical Applications (Continued) 


Window Comparator Driving High, Low Lamps 



Truth Table 


V|N 

High 

Low 

<y 4 v+ 

Off 

On 

y 4 v+ to y 4 v + 

Off 

Off 

>3/ 4 V + 

On 

Off 


Application Hints 

The LM2877 is an improved LM377 in typical audio applica- 
tions. In the LM2877, the internal voltage regulator for the 
input stage is generated from the voltage on pin 1 . Normally, 
the input common-mode range is within ± 0.7V of this pin 1 
voltage. Nevertheless, the common-mode range can be in- 
creased by externally forcing the voltage on pin 1 . One way 
to do this is to short pin 1 to the positive supply, pin 1 1 . 


The only special care required with the LM2877 is to limit 
the maximum input differential voltage to ±7V. If this differ- 
ential voltage is exceeded, the input characteristics may 
change. 

Figure 1 shows a power op amp application with Ay = 1 . 
The 100k and 10k resistors set a noise gain of 10 and are 
dictated by amplifier stability. The 10k resistor is boot- 
strapped by the feedback so the input resistance is domi- 
nated by the 1 Mft resistor. 
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Na t 


ional 


Semiconductor 


LM2878 Dual 5 Watt Power Audio Amplifier 


General Description 

The LM2878 is a high voltage stereo power amplifier de- 
signed to deliver 5W/channel continuous into 8fl loads. The 
amplifier is ideal for use with low regulation power supplies 
due to the absolute maximum rating of 35V and its superior 
power supply rejection. The LM2878 is designed to operate 
with a low number of external components, and still provide 
flexibility for use in stereo phonographs, tape recorders, and 
AM-FM stereo receivers. The flexibility of the LM2878 al- 
lows it to be used as a power operational amplifier, power 
comparator or servo amplifier. The LM2878 is internally 
compensated for all gains greater than 1 0, and comes in an 
11 -lead single-in-line package (SIP). The package has been 
redesigned, resulting in the slightly degraded thermal char- 
acteristics shown in the figure Device Dissipation vs Ambi- 
ent Temperature. 


Features 

■ Wide operating range 6V-32V 

■ 5W/channel output 

■ 60 dB ripple rejection, output referred 

■ 70 dB channel separation, output referred 

■ Low crossover distortion 

■ AC short circuit protected 

■ Internal thermal shutdown 

Applications 

■ Stereo phonographs 
AM-FM radio receivers 

■ Power op amp, power comparator 

■ Servo amplifiers 


Typical Applications 



Frequency Response 
of Bass Tone Control 



20 50 100 200 500 Ik 2k 5k 10k 20k 
FRE0WENCY (Hz) 

TL/H/7934-2 


FIGURE 1. Stereo Phonograph Amplifier with Bass Tone Control 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage 35V 

Input Voltage (Note 1 ) ± 0.7V 

Operating Temperature (Note 2) 0°C to + 70°C 


Storage T emperature - 65°C to 4- 1 50°C 

Junction T emperature + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) -I- 260°C 

Thermal Resistance 

0jC 10°C/W 

0j A 55°C/W 


Electrical Characteristics Vs = 22 V, Tjab = 25°C, Rl = 8to, Ay = 50 (34 dB) unless otherwise specified. 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Total Supply Current 

P 0 = ow 


10 

50 

mA 

Operating Supply Voltage 


6 


32 

V 

Output Power/Channel 

f = 1 kHz, THD = 10%, T TA b = 25°C 

5 

5.5 


W 

. 

f = 1 kHz, THD = 10%, V s = 12V 


1.3 


W 

Distortion 

f = 1 kHz, R L = 8to 

P 0 = 50 mW 

i 

0.20 


% 


P 0 = 0.5W 


0.15 


% 


£ 

CM 

II 

o 

Q_ 


0.14 


% 

Output Swing 

R|_ = 8to 


V s - 6V 


Vp-p 

Channel Separation 

CBYPASS = 50 / xF > C IN = 0.1 /xF 
f = 1 kHz, Output Referred 

Vq = 4 Vrms 

-50 

-70 


dB 

PSRR Power Supply 

^BYPASS = 50 M-F. Cin = 0.1 fiF 





Rejection Ratio 

f = 120 Hz, Output Referred 

Vrippie = 1 Vrms 

-50 

-60 


dB 

PSRR Negative Supply 

Measured at DC, Input Referred 


-60 


dB 

Common-Mode Range 

Split Supplies ±15V, Pin 1 

Tied to Pin 1 1 


±13.5 


V 

Input Offset Voltage 



10 


mV 

Noise 

Equivalent Input Noise 

Rs = 0, Cin = 0.1 juF 

BW = 20 - 20 kHz 


2.5 


p,V 


CCIR«ARM 


3.0 


/*v 


Output Noise Wideband 

Rg — 0, C||vj = 0.1 juF, Ay — 200 


0.8 


mV 

Open Loop Gain 

Rs ~ 51 to, f = 1 kHz, R L = 8to 


70 


dB 

Input Bias Current 



100 


nA 

Input Impedance 

Open Loop 


4 


Mto 

DC Output Voltage 

V s = 22V 

10 

11 

12 

V 

Slew Rate 



2 


V/jLtS 

Power Bandwidth 

3 dB Bandwidth at 2.5W 


65 


kHz 

Current Limit 



1.5 


A 


Note 1: ±0.7V applies to audio applications; for extended range, see Application Hints. 

Note 2: For operation at ambient temperature greater than 25°C, the LM2878 must be derated based on a maximum 1 50°C junction temperature using a thermal 
resistance which depends upon device mounting techniques. 
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LM2878 


Typical Performance Characteristics 


Device Dissipation vs 
Ambient Temperature 



0 10 20 30 40 SO 60 70 80 
Ta-AMBIENT TEMPERATURE (°C) 


Power Supply Rejection 
Ratio (Referred to the 
Output) vs Frequency 



Power Supply Rejection 
Ratio (Referred to the 
Output) vs Frequency 



Power Supply Rejection 
Ratio (Referred to the 
Output) vs Supply Voltage 



SUPPLY VOLTAGE (V) 


Channel Separation 
(Referred to the Output) vs 
Frequency 



Total Harmonic Distortion 



10 100 Ik 10k 100k 


20 SO 100 200 500 Ik 2k 5k 10k 20k 


FREQUENCY (Hi) 


FREQUENCY (Hi) 


Total Harmonic Distortion 
vs Frequency 



20 50 100 200 500 Ik 2k 5k 10k 20k 


Total Harmonic Distortion 
vs Power Out 



Open Loop Gain vs 
Frequency 



100 Ik 10k 100k 1M 


FREQUENCY (Hi) 


POWER OUT (W/CHANNEL) 


FREQUENCY (Hz) 


Power Output/Channel vs 
Supply Voltage 



SUPPLY VOLTAGE (V) 


Power Dissipation vs 
Power Out 


ii 

ii 




0 1 2 3 4 5 6 

POWER OUTPUT (W/CHANNEL) 


TL/H/7934-3 
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8Z83W1 


Equivalent Schematic Diagram 




LM2878 


Connection Diagram 


Single-ln-Line Package 



*Pin 6 must be connected to GND. 

Order Number LM2878P 
See NS Package Number PI 1A 


Application Hints 

The LM2878 is an improved LM378 in typical audio applica- 
tions. In the LM2878, the internal voltage regulator for the 
input stage is generated from the voltage on pin 1 . Normally, 
the input common-mode range is within ± 0.7V of this pin 1 
voltage. Nevertheless the common-mode range can be in- 
creased by externally forcing the voltage on pin 1 . One way 
to do this is to short pin 1 to the positive supply, pin 11. 
The only special care required with the LM2878 is to limit 
the maximum input differential voltage to ± 7V. If this differ- 
ential voltage is exceeded, the input characteristics may 
change. 

Figure 2 shows a power op amp application with Av = 1 . 
The 100k and 10k resistors set a noise gain of 10 and are 
dictated by amplifier stability. The 10k resistor is boot- 
strapped by the feedback so the input resistance is domi- 
nated by the 1 MU resistor. 


100k 



FIGURE 2. Operational Power Amplifier, Ay = 1 
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External Components (Figure 3) 

1. R2, R5, R7, RIO Sets voltage gain Ay = 1 + R2/R5 for 
one channel and Av = 1 + R10/R7 for 
the other channel. 


2. R4, R8 


3. R 0 

4. Cl 

5. C11 


Resistors set input impedance and sup- 
ply bias current for the positive input. 
Works with Cq to stabilize output stage. 
Improves power supply rejection (see 
Typical Performance Characteristics). 
Stabilizes amplifier, may need to be larg- 
er depending on power supply filtering. 


Typical Applications (Continued) 



TL/H/7934-7 

FIGURE 3. Stereo Amplifier with A v = 200 


6. C4, C8 


7. C5, C7 


8. C 0 

9. C2, CIO 


Input coupling capacitor. Pins 4 and 8 
are at a DC potential of Vs/2. Low fre- 
quency pole set by: 

fl “ 2 ttR4C4 

Feedback capacitors. Ensure unity gain 
at DC. Also low frequency pole at: 

fl ~ 2 ttR5C5 

Works with Rq to stabilize output stage. 
Output coupling capacitor. Low frequen- 
cy pole given by: 


RttRLC2 



Bridge Configuration 


LM2878 






LM2878 


Typical Applications (Continued) 



TL/H/7934-9 

FIGURE 5. Window Comparator Driving High, Low Lamps 
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Na t 


ion a l Semiconductor 


LM2879 Dual 8W Audio Amplifier 


General Description 

The LM2879 is a monolithic dual power amplifier which of- 
fers high quality performance for stereo phonographs, tape 
players, recorders, AM-FM stereo receivers, etc. 

The LM2879 will deliver 8W/channel to an 8 fl load. The 
amplifier is designed to operate with a minimum of external 
components and contains an internal bias regulator to bias 
each amplifier. Device overload protection consists of both 
internal current limit and thermal shutdown. 

Features 

■ Avo typical 90 dB 

■ 9W per channel (typical) 

■ 60 dB ripple rejection 

■ 70 dB channel separation 


■ Self-centering biasing 

■ 4 MH input impedance 

■ Internal current limiting 

■ Internal thermal protection 

Applications 

■ Multi-channel audio systems 

■ Tape recorders and players 

■ Movie projectors 

■ Automotive systems 

■ Stereo phonographs 

■ Bridge output stages 

■ AM-FM radio receivers 

■ Intercoms 

■ Servo amplifiers 

■ Instrument systems 


Connection Diagram and Typical Application 


Plastic Package 


Stereo Amplifier 



v + 

OUTPUT 2 
GND 
INPUT 2 
FEEDBACK 2 
NC 

FEEDBACK 1 
INPUT 1 
GND 

OUTPUT 1 
BIAS 


TL/H/5291-1 


Order Number LM2879T 
See NS Package Number TA11B 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage 35V 

Input Voltage (Note 1 ) ± 0.7V 

Operating Temperature (Note 2) 0°C to + 70°C 


Storage Temperature 
Junction Temperature 
Lead Temp. (Soldering, 10 seconds) 
ESD rating to be determined. 
Thermal Resistance 
0jc 
0ja 


— 65°Cto +150°C 
150°C 
260°C 


1°C/W 

43°C/W 


Electrical Characteristics Vs = 28V, Tjab = 25°C, Rl = 8ft, Ay = 50 (34 dB), unless otherwise specified. 


Parameter 

| Conditions j 

Min 

Typ 

Max 

Units 

Total Supply Current 

£ 

o 

II 

O 

CL 


12 

65 


Operating Supply Voltage 


6 


32 


Output Power/Channel 

f=1 kHz, THD= 10%, T T ab == 25°C 

6 

8 



Distortion 

f=1 kHz, R L =8ft 

P 0 =1 W/Channel 


0.05 

1 

H 

Output Swing 

R|_= 8ft 


V S -6V 



Channel Separation 

CbypASS^ 50 C| N = 0.1 jaF 

f = 1 kHz, Output Referred 

-50 

-70 


dB 


Vq = 4 Vrms 





PSRR Positive Supply 

CbYPASS = 50 jaF, C| N = 0.1 fx F 
f= 120 Hz, Output Referred 

Vripple = 1 

-50 

-60 



PSRR Negative Supply 

Measured at DC, Input Referred 


-60 


dB 

Common-Mode Range 

Split Supplies ± 1 5V, Pin 1 

Tied to Pin 1 1 


±13.5 


V 

Input Offset Voltage 



10 


mV 

Noise 

Equivalent Input Noise 

Rs — 0, C|n = 0.1 fxF 






BW=20 -20 kHz 


2.5 


^V 


CCIR*ARM 


3.0 


IxV 


Output Noise Wideband 

Rs = 0, C|n = 0.1 jllF, Ay = 200 


0.8 


mV 

Open Loop Gain 

R s = 51 ft, f = 1 kHz, R L = 8ft 


70 


dB 

Input Bias Current 



100 


nA 

Input Impedance 





Mft 

DC Output Voltage 

V S =28V 


14 


V 

Slew Rate 



2 


V//xs 

Power Bandwidth 

3 dB Bandwidth at 2.5W 


65 


kHz 

Current Limit 



1.5 


A 


Note 1: The input voltage range is normally limited to ±0.7V with respect to pin 1. This range may be extended by shorting pin 1 to the positive supply. 

Note 2: For operation at ambient temperature greater than 25°C, the LM2879 must be derated based on a maximum 150°C junction temperature. Thermal 
resistance, junction to case, is 3°C/W. Thermal resistance, case to ambient, is 40°C/W. 


Typical Performance Characteristics 


Device Dissipation vs 



0 10 20 30 40 50 60 70 80 
Ta— AMBIENT TEMPERATURE (°C) 


Open Loop Gain vs 



tOO Ik 10k 100k 1M 

FREQUENCY (Hi) 


MS 


13 




Power Dissipation vs 
Power Output 



POWER OUTPUT (W/CHANNEL) 


TL/H/5291-3 
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Typical Applications 


Two-Phase Motor Drive 



12W Bridge Amplifier 


0.1 (if 



TL/H/5291-7 


TL/H/5291 -6 





LM2879 


Typical Applications (Continued) 


Simple Stereo Amplifier with Bass Boost 

0.02 mF 



TL/H/5291 -8 


Power Op Amp (Using Split Supplies) 

100k 



TL/H/5291 -9 
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LM2900/LM3900/LM3301 



National Semiconductor 


LM2900/LM3900/LM3301 Quad Amplifiers 


General Description 

The LM2900 series consists of four independent, dual input, 
internally compensated amplifiers which were designed 
specifically to operate off of a single power supply voltage 
and to provide a large output voltage swing. These amplifi- 
ers make use of a current mirror to achieve the non-invert- 
ing input function. Application areas include: ac amplifiers, 
RC active filters, low frequency triangle, squarewave and 
pulse waveform generation circuits, tachometers and low 
speed, high voltage digital logic gates. 


Features 

■ Wide single supply voltage 4 Vqc to 32 Vqc 

Range or dual supplies ±2 Vpc to ±16 Vqc 

■ Supply current drain independent of supply voltage 

■ Low input biasing current 30 nA 

■ High open-loop gain 70 dB 

■ Wide bandwidth 2.5 MHz (unity gain) 

■ Large output voltage swing (V + - 1) Vp-p 

■ Internally frequency compensated for unity gain 

■ Output short-circuit protection 


Schematic and Connection Diagrams 


v + Dual-In-Line and S.O. 



CURRENT 

MIRROR 


TL/H/7936-1 


Order Number LM2900N, LM3900M, LM3900N or LM3301N 
See NS Package Number M14A or N14A 
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Absolute Maximum Ratings 


If Military/ Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 



LM2900/LM3900 

LM3301 

Supply Voltage 

32 V DC 

28 V DC 


±16 Vqc 

±14 Vqc 

Power Dissipation (Ta = 25°C) (Note 1) 

Molded DIP 

1080 mW 

1080 mW 

S.O. Package 

765 mW 


Input Currents, I|n + or I|n - 

20 itiAdc 

20 mA DC 

Output Short-Circuit Duration — One Amplifier 

Continuous 

Continuous 

Ta = 25°C (See Application Hints) 

Operating Temperature Range 


— 40°C to + 85°C 

LM2900 

— 40°C to + 85°C 


LM3900 

0°C to +70°C 


Storage Temperature Range 

— 65°C to + 1 50°C 

— 65°C to + 1 50° C 

Lead Temperature (Soldering, 10 sec.) 

260°C 

260°C 

Soldering Information 

Dual-In-Line Package 

Soldering (10 sec.) 

260°C 

260°C 

Small Outline Package 

Vapor Phase (60 sec.) 

215°C 

215°C 

Infrared (15 sec.) 

220°C 

220°C 


See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface mount 
devices. 

ESD tolerance (Note 7) 2000V 2000V 


Electrical Characteristics Ta = 25°C, V + = 15 Vpc. unless otherwise stated 


Parameter 

Conditions 

LM2900 

LM3900 

LM3301 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 



Over Temp. 

AV 0 = 10V DC 

Inverting Input 










V/mV 


1.2 

2.8 


1.2 

2.8 


1.2 

2.8 


Input Resistance 


1 



1 



1 


M ft 

Output Resistance 


8 



8 



9 


kn 

Unity Gain Bandwidth 

Inverting Input 


2.5 



2.5 



2.5 


MHz 

Input Bias Current 

Inverting Input, V + = 5 Vdc 
I nverting Input 


30 

200 


30 

200 


30 

300 

nA 

Slew Rate 

Positive Output Swing 

Negative Output Swing 


0.5 

20 



0.5 

20 



0.5 

20 


V/juts 

Supply Current 

R|_ = oo On All Amplifiers 


6.2 

10 


6.2 

10 


6.2 

10 

mApc 

Output 

Voltage 

Swing 

Vout High 

R L = 2k, 

V + = 15.0 V DC 

V + = Absolute 
Maximum Ratings 

■in = 0, 
l| N + = 0 

13.5 



13.5 



13.5 



Vdc 


l|N = 10 /aA, 

l,N + = 0 


0.09 

0.2 


0.09 

0.2 


0.09 

0.2 

Vout High 

l|N~ = 0, 

l| N + = 0 

Rl = 

29.5 



29.5 



26.0 



Output 

Current 

Capability 

Source 


6 

18 


6 

10 


5 

18 


mApc 

Sink 

(Note 2) 

0.5 

1.3 


0.5 

1.3 


0.5 

1.3 


•sink 



5 



5 



5 
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Electrical Characteristics (Note 6), V + = 15 Vqc. unless otherwise stated (Continued) 


Parameter 

Conditions 

LM2900 

LM3900 

LM3301 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Power Supply Rejection 

T a = 25°C,f = 100 Hz 


70 



70 



70 


dB 

Mirror Gain 

@ 20 juA (Note 3) 

0.90 

1.0 

1.1 

0.90 

1.0 

1.1 

0.90 

1 

1.10 

fxA/fxA 


@ 200 jutA (Note 3) 

0.90 

1.0 

1.1 

0.90 

1.0 

1.1 

0.90 

1 

1.10 

AMirror Gain 

@ 20 jaA to 200 ju,A (Note 3) 


2 

5 


2 

5 


2 

5 

% 

Mirror Current 

(Note 4) 








■a 


^Adc 

Negative Input Current 

T a = 25°C (Note 5) 








m 


mApc 

Input Bias Current 

Inverting Input 





300 





nA 


Note 1: For operating at high temperatures, the device must be derated based on a 125°C maximum junction temperature and a thermal resistance of 92°C/W 
which applies for the device soldered in a printed circuit board, operating in a still air ambient. Thermal resistance for the S.O. package is 131°C/W. 

Note 2: The output current sink capability can be increased for large signal conditions by overdriving the inverting input. This is shown in the section on Typical 
Characteristics. 

Note 3: This spec indicates the current gain of the current mirror which is used as the non-inverting input. 

Note 4: Input Vgg match between the non-inverting and the inverting inputs occurs for a mirror current (non-inverting input current) of approximately 10 juA This is 
therefore a typical design center for many of the application circuits. 

Note 5: Clamp transistors are included on the 1C to prevent the input voltages from swinging below ground more than approximately -0.3 Vqc- 'The negative input 
currents which may result from large signal overdrive with capacitance input coupling need to be externally limited to values of approximately 1mA. Negative input 
currents in excess of 4 mA will cause the output voltage to drop to a low voltage. This maximum current applies to any one of the input terminals. If more than one 
of the input' terminals are simultaneously driven negative smaller maximum currents are allowed. Common-mode current biasing can be used to prevent negative 
input voltages; see for example, the “Differentiator Circuit” in the applications section. 

Note 6: These specs apply for -40°C <-Ta ^ +85°C, unless otherwise stated. 

Note 7: Human body model, 1.5 kft in series with 100 pF. 


Application Hints 

When driving either input from a low-impedance source, a 
limiting resistor should be placed in series with the input 
lead to limit the peak input current. Currents as large as 
20 mA will not damage the device, but the current mirror on 
the non-inverting input will saturate and cause a loss of mir- 
ror gain at mA current levels — especially at high operating 
temperatures. 

Precautions should be taken to insure that the power supply 
for the integrated circuit never becomes reversed in polarity 
or that the unit is not inadvertently installed backwards in a 
test socket as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

Output short circuits either to ground or to the positive pow- 
er supply should be of short time duration. Units can be 
destroyed, not as a result of the short circuit current causing 
metal fusing, but rather due to the large increase in 1C chip 
dissipation which will cause eventual failure due to exces- 
sive junction temperatures. For example, when operating 
from a well-regulated +5 Vqc power supply at Ta = 25°C 
with a 100 kft shunt-feedback resistor (from the output to 
the inverting input) a short directly to the power supply will 
not cause catastrophic failure but the current magnitude will 
be approximately 50 mA and the junction temperature will 
be above Tj max. Larger feedback resistors will reduce the 
current, 1 1 provides approximately 30 mA, an open cir- 
cuit provides 1.3 mA, and a direct connection from the out- 
put to the non-inverting input will result in catastrophic fail- 
ure when the output is shorted to V + as this then places the 
base-emitter junction of the input transistor directly across 
the power supply. Short-circuits to ground will have magni- 
tudes of approximately 30 mA and will not cause cata- 
strophic failure at Ta = 25°C. 


Unintentional signal coupling from the output to the non-in- 
verting input can cause oscillations. This is likely only in 
breadboard hook-ups with long component leads and can 
be prevented by a more careful lead dress or by locating the 
non-inverting input biasing resistor close to the 1C. A quick 
check of this condition is to bypass the non-inverting input 
to ground with a capacitor. High impedance biasing resis- 
tors used in the non-inverting input circuit make this input 
lead highly susceptible to unintentional AG signal pickup. 
Operation of this amplifier can be best understood by notic- 
ing that input currents are differenced at the inverting-input 
terminal and this difference current then flows through the 
external feedback resistor to produce the output voltage. 
Common-mode current biasing is generally useful to allow 
operating with signal levels near ground or even negative as 
this maintains the inputs biased at +Vbe- Internal clamp 
transistors (see note 5) catch-negative input voltages at ap- 
proximately -0.3 Vqc but the magnitude of current flow has 
to be limited by the external input network. For operation at 
high temperature, this limit should be approximately 1 00 jiaA. 
This new “Norton” current-differencing amplifier can be 
used in most of the applications of a standard lb op amp. 
Performance as a DC amplifier using only a single supply is 
not as precise as a standard 1C op amp operating with split 
supplies but is adequate in many less critical applications. 
New functions are made possible with this amplifier which 
are useful in single power supply systems. For example, 
biasing can be designed separately from thb AC gain as was 
shown in the “inverting amplifier,” the “difference integra- 
tor” allows controlling the charging and the discharging of 
the integrating capacitor with positive voltages, and the “fre- 
quency doubling tachometer” provides a simple circuit 
which reduces the ripple voltage on a tachometer output DC 
voltage. 
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Typical Performance Characteristics 


Open Loop Gain 



10 2 1 0 3 10 4 10 s 10 6 10 7 
f - FREQUENCY (Hi) 


Voltage Gain 



0 5 10 15 20 25 30 

V + - SUPPLY VOLTAGE (Vqc) 


Voltage Gain 



T A - TEMPERATURE (°C) 


Input Current 



-55 -25 5 35 65 95 125 

T a - TEMPERATURE (°C> 


Supply Current 



0 5 10 15 20 25 30 

V+- SUPPLY VOLTAGE (V,*) 


> s 

u 

z 

i 

9 

& 

9 


Large Signal Frequency 
Response 



100 Ik 10k 100k 1M 10M 

(-FREQUENCY (Hz) 


Output Sink Current 



0 5 10 15 20 25 30 

V + - SUPPLY VOLTAGE (V oc ) 


Output Class-A Bias Current 



0 5 10 15 20 25 30 

V + -SUPPLY VOLTAGE (Vdc) 


Output Source Current 



0 5 10 15 20 25 30 

V + - SUPPLY VOLTAGE (Vnn) 



Mirror Gain 



T a - TEMPERATURE (“Cl 



TL/H/7936-9 
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LM2900/LM3900/LM3301 


Typical Applications <v J = isv 0C ) 

Inverting Amplifier Triangle/Square Generator 




Frequency-Doubling Tachometer Low V|n - Vqut Voltage Regulator 




Non-Inverting Amplifier Negative Supply Biasing 
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LM2900/LM3900/LM3301 


Typical Applications (v + = 1 5 v DC ) (continued) 

Voltage-Controlled Current Source 
(Transconductance Amplifier) 


v + 



TL/H/7936-12 


Hi Vin , Lo (V|n - Vq) Self-Regulator 



TL/H/7936-13 


Ground-Referencing a Differential Input Signal 



TL/H/7936-14 
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Typical Applications <v + = is v DC ) (continued) 

Low-Voltage Comparator 

Power Comparator 

v + 

O No negative voltage limit if 



properly biased. 
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Typical Applications (v + = 1 5 v DC ) (continued) 


Low-Frequency Mixer 



TL/H/7936-38 


Free-Running Staircase Generator/Pulse Counter 



TL/H/7936-39 


1 
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L6 
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Typical Applications (v + = 1 5 v DC ) (continued) 


Phase-Locked Loop 



TL/H/7936-49 


Boosting to 300 mA Loads 

v + (1SV 0C ) 



TL/H/7936-50 
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LM3045/LM3046/LM3086 


National Semiconductor 


LM3045/LM3046/LM3086 Transistor Arrays 

Features 

■ Two matched pairs of transistors 
Vbe matched ± 5 mV 

Input offset current 2 p,A max at lc = 1 mA 

■ Five general purpose monolithic transistors 

■ Operation from DC to 120 MHz 

■ Wide operating current range 

■ Low noise figure 3.2 dB typ at 1 kHz 

■ Full military 

temperature range (LM3045) -55°C to +125°C 

Applications 

■ General use in all types of signal processing systems 
operating anywhere in the frequency range from DC to 
VHF 

■ Custom designed differential amplifiers 

■ Temperature compensated amplifiers 


Schematic and Connection Diagram 


Dual-ln-Line and Small Outline Packages 

SUBSTRATE 



Order Number LM3045J, LM3046M, LM3046N or LM3086N 
See NS Package Number J14A, M14A or N14A 


General Description 

The LM3045, LM3046 and LM3086 each consist of five 
general purpose silicon NPN transistors on a common 
monolithic substrate. Two of the transistors are internally 
connected to form a differentially-connected pair. The tran- 
sistors are well suited to a wide variety of applications in low 
power system in the DC through VHF range. They may be 
used as discrete transistors in conventional circuits howev- 
er, in addition, they provide the very significant inherent inte- 
grated circuit advantages of close electrical and thermal 
matching. The LM3045 is supplied in a 14-lead cavity dual- 
in-line package rated for operation over the full military tem- 
perature range. The LM3046 and LM3086 are electrically 
identical to the LM3045 but are supplied in a 1 4-lead mold- 
ed dual-in-line package for applications requiring only a lim- 
ited temperature range. 
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Absolute Maximum Ratings (t a 

= 25°C) 



If Military/ Aerospace specified devices are required, please contact the 

National Semiconductor Sales 

Office/ 

Distributors for availability and specifications. 

LM3045 

LM3046/LM3086 



Each Total 

Each Total 

Units 


Transistor Package 

Transistor Package 


Power Dissipation: 




T a = 25°C 

300 750 

300 750 

mW 

T a = 25°C to 55°C 


300 750 

mW 

T a > 55°C 


Derate at 6.67 

mW/°C 

T a = 25°C to 75°C 

300 750 


mW 

T a > 75°C 

Derate at 8 


mW/°C 

Collector to Emitter Voltage, Vqeo 

15 

15 

V 

Collector to Base Voltage, Vqbo 

20 

20 

V 

Collector to Substrate Voltage, Vqio (Note 1) 

20 

20 

V 

Emitter to Base Voltage, Vebo 

5 

5 

V 

Collector Current, lc 

50 

50 

mA 

Operating Temperature Range 

— 55°C to + 1 25°C 

— 40°C to +85°C 


Storage Temperature Range 

Soldering Information 

— 65°C to + 1 50°C 

— 65°C to 4- 85°C 


Dual-ln-Line Package Soldering (10 Sec.) 

Small Outline Package 

260°C 

260° C 


Vapor Phase (60 Seconds) 


215°C 


Infrared (15 Seconds) 


220°C 



See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface mount 
devices. 


Electrical Characteristics (T A = 25°C unless otherwise specified) 


Parameter 

Conditions 

Limits 

Limits 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 

Collector to Base Breakdown Voltage (V(br)cbo) 

lc = 10 jaA, Ie — 0 







V 

Collector to Emitter Breakdown Voltage (V(br)ceo) 

Iq = 1 mA, Ib — 0 

O 



O 



V 

Collector to Substrate Breakdown 

Voltage (V(br)ci6) 

lc = 10 jaA, Ici = 0 



■ 




V 

Emitter to Base Breakdown Voltage (V(br)ebo) 

l E 10 jaA, l c = 0 

El 

7 


5 

7 


V 

Collector Cutoff Current (Icbo) 

V C B = 10V, l E = 0 


0.002 

40 




nA 

Collector Cutoff Current (Iceo) 

V C E = 10V, l B = 0 



0.5 




jaA 

Static Forward Current Transfer 

Ratio (Static Beta) (Iife) 

Vce = 3V f l c = 10 mA 
i Iq = 1 mA 

L lc “ 10 jaA 


100 






40 

100 


O 




54 



El 


Input Offset Current for Matched 

PairQ-i andQ 2 |loi ~ I 102 I 

V C e = 3V, l c = 1 mA 


0.3 

2 




jaA 

Base to Emitter Voltage (Vbe) 

V C e = 3V r | E = 1 mA 
He = 10 mA 


0.715 





V 


0.800 



0.800 


Magnitude of Input Offset Voltage for 

Differential Pair |V B ei - VBE 2 I 

V C e = 3V, l c = 1 mA 


0.45 

1 




mV 

Magnitude of Input Offset Voltage for Isolated 
Transistors |V B e3 ~ V B E 4 l. |Vbe 4 “ VbesI. 

|VbE5 ~ v BE3l 

V C E = 3V, l c = 1 mA 


0.45 

D 

1 

■ 

■ 

mV 

Temperature Coefficient of Base to 

Emitter Voltage /AVbe\ 

V AT ) 

V C e = 3V, l c = 1 mA 

■ 


■ 

■ 

-1.9 


mV/°C 

Collector to Emitter Saturation Voltage (Vce(SAT)) 

Ib = 1 mA, lc = 10 mA 

Hi 





IH 


Temperature Coefficient of 

Input Offset Voltage / AVio\ 

V at y 

V C e = 3V, l c = 1 mA 

■ 

D 

■ 

■ 


■ 



Note 1: The collector of each transistor of the LM3045, LM3046, and LM3086 is isolated from the substrate by an integral diode. The substrate (terminal 13) must 
be connected to the most negative point in the external circuit to maintain isolation between transistors and to provide for normal transistor action. 
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LM3045/LM3046/LM3086 


Electrical Characteristics (Continued) 


Parameter 

Conditions 

Min 

Typ 

Max 

Low Frequency Noise Figure (NF) 

f = 1 kHz, V C e = 3V, 
l C = 100 jaA, R S = 1 kft 


3.25 



LOW FREQUENCY, SMALL SIGNAL EQUIVALENT CIRCUIT CHARACTERISTICS 


Forward Current Transfer Ratio (hf e ) 

Short Circuit Input Impednace (h; e ) 

Open Circuit Output Impedance (h oe ) 

Open Circuit Reverse Voltage Transfer Ratio (h re ) 

ADMITTANCE CHARACTERISTICS 

Forward Transfer Admittance (Yf e ) 

Input Admittance (Yj e ) 

Output Admittance (Y oe ) 

Reverse Transfer Admittance (Y re ) 

Gain Bandwidth Product (fj) 

Emitter to Base Capacitance (C^b) 


Collector to Base Capacitance (Ccb) 


Collector to Substrate Capacitance (Cg) 


f = 1 kHz, V C e = 3V, 
lc = 1 mA 



110 (LM3045, LM3046) 
(LM3086) 



3.5 



15.6 



1.8x10-4 



f = 1 MHz, V C e = 3V, 
Iq = 1 mA 


VCE = 3V, lc = 3 r 
V E B = 3V, l E = 0 


V C B = 3V, l C = 0 


VCS = 3V» lc = 0 


31 — j 1 .5 
0.3 + J 0.04 
0.001 +j 0.03 
See Curve 
550 
0.6 


0.58 


2.8 


Typical Performance Characteristics 


Typical Collector To Base 
Cutoff Current vs Ambient 
Temperature for Each 
Transistor 



Typical Collector To Emitter 
Cutoff Current vs Ambient 
Temperature for Each 
Transistor 



I 25 50 75 100 125 

T a - AMBIENT TEMPERATURE (°C) 


25 50 75 100 125 

T a - AMBIENT TEMPERATURE ( C) 


Typical Static Forward 
Current-Transfer Ratio and 
Beta Ratio for Transistors Qi 
and Q 2 vs Emitter Current 


Slllllllllllll 



Mi n ■■inn 

iiiiiimm 


.1 1 

l E - EMITTER (mA) 


Typical Input Offset Current 
for Matched Transistor Pair 
Qi Q 2 vs Collector Current 



Typical Static Base To Emitter 
Voltage Characteristic and Input 
Offset Voltage for Differential 
Pair and Paired Isolated 
Transistors vs Emitter Current 
■* i "— ' ■ t ttt tti — 1 1 1 m r n — 11 ini w 4 




miiiflSaii imiiiii 
BeSiiillBIIIIIIIHI 
■■111 mil 

mVHIViTTTIIP 1 


l c - COLLECTOR (mA) 


l E - EMITTER (mA) 
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Typical Performance Characteristics (Continued) 


e 7 


Typical Base To Emitter 
Voltage Characteristic for 
Each Transistor vs Ambient 
Temperature 


V c 

— 

E =3 

V 






s 

5 










§ 

i 




1 

1 

■ 


I 

•i5 

s 




1 


fiS 

§ 

I 


J 


_ 


_ 

J 


Typical Input Offset Voltage 
Characteristics for Differential 
Pair and Paired Isolated 
Transistors vs Ambient 
Temperature 


.5 
.4 

-75 -50 -25 0 25 50 75 100 125 

T a - AMBIENT TEMPERATURE (°C) 


V 

:e = 

IV 


: 

: 







•e 

10 n 

lA 



r 







- 





1 m 

A 







*"1 

1 ' 







.1 tr 

iA 







□ 

n 




-75 -50 -25 0 25 50 75 100 125 

- AMBIENT TEMPERATURE (*C) 


Typical Noise Figure vs 
Collector Current 

"TT| 

V ce = 3V 
-Rs = 1000ft- 
Ta = 25®C 


Typical Noise Figure vs 
Collector Current 



.i t 

l c - COLLECTOR (mA) 


Typical Forward Transfer 
Admittance vs Frequency 




.1 1 10 

f - FREQUENCY (MHz) 


1 10 
f- FREQUENCY (MHz) 


Typical Noise Figure vs 
Collector Current 



.1 i 

l c - COLLECTOR (mA) 

TL/H/7950-4 

Typical Normalized Forward 
Current Transfer Ratio, Short 
Circuit Input Impedance, 

Open Circuit Output Impedance, 
and Open Circuit Reverse 
Voltage Transfer Ratio vs 
Collector Current 


.i i 

l c - COLLECTOR (mA) 


Typical Input Admittance 
vs Frequency 

rTTTTT TT T 

Ta = 25°C 
V ce =3V . 



I c - COLLECTOR (mA) 


TL/H/7950-5 


Typical Output Admittance 
vs Frequency 



1 10 
f- FREQUENCY (MHz) 


TL/H/7950-6 
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National Semiconductor 


LM3080 

Operational Transconductance Amplifier 


General Description 

The LM3080 is a programmable transconductance block in- 
tended to fulfill a wide variety of variable gain applications. 
The LM3080 has differential inputs and high impedance 
push-pull outputs. The device has high input impedance and 
its transconductance (g m ) is directly proportional to the am- 
plifier bias current (Iabc)- 

High slew rate together with programmable gain make the 
LM3080 an ideal choice for variable gain applications such 
as sample and hold, multiplexing, filtering, and multiplying. 
The LM3080N and LM3080AN are guaranteed from 0°C to 
+ 70°C. 


Features 

■ Slew rate (unity gain compensated): 50 V/ju.s 

■ Fully adjustable gain: 0 to g m • R|_ limit 

■ Extended g m linearity: 3 decades 

■ Flexible supply voltage range: ±2V to ±18V 

■ Adjustable power consumption 


Schematic and Connection Diagrams 



TL/H/7148-1 



TL/H/7148-2 


Top View 

Order Number LM3080AN, LM3080M or LM3080N 
See NS Package Number M08A or N08E 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Note 2) 

LM3080 + 18V 

LM3080A ±22V 

Power Dissipation 250 mW 

Differential Input Voltage ± 5V 


Amplifier Bias Current (Iabc) 

DC Input Voltage 
Output Short Circuit Duration 
Operating Temperature Range 
LM3080N or LM3080AN 
Storage T emperature Range 
Lead Temperature (Soldering, 10 sec.) 


2 mA 
+ Vs to — Vs 
Indefinite 

0°Cto + 70°C 
— 65°C to + 1 50°C 
260°C 


Electrical Characteristics (Note d 


Parameter 

Conditions 

LM3080 

LM3080A 

Units 

Min 









Input Offset Voltage 


|| 

0.4 


■1 


B 

mV 


Over Specified Temperature Range 







mV 


Iabc = 5 /xA 


0.3 




mm 

mV 

Input Offset Voltage Change 

5 juA ^ Iabc ^ 500 jxA 


0.1 



0.1 

3 

mV 

Input Offset Current 



0.1 



0.1 

0.6 

julA 

Input Bias Current 



0.4 

n 



5 

ju,A 


Over Specified Temperature Range 


1 

MM 



8 

jaA 

Forward Transconductance (g m ) 


6700 

9600 

13000 

7700 

9600 

12000 

jamho 


Over Specified Temperature Range 

5400 



4000 



jamho 

Peak Output Current 

Rl = o. Iabc = 5 ixA 


5 


3 

5 

7 

jaA 


R L = 0 

350 

500 

650 

350 

500 

650 

jaA 


R l = 0 

Over Specified Temperature Range 

; 300 



300 



jaA 

Peak Output Voltage 









Positive 

Rl = °°, 5 juA <; Iabc ^ 500 juA 

+ 12 

+ 14.2 


+ 12 

+ 14.2 


V 

Negative 

R|_ = , 5 jaA Iabc ^ 500 fxA 

-12 

-14.4 


-12 

-14.4 


V 

Amplifier Supply Current 



1.1 



1.1 


mA 

Input Offset Voltage Sensitivity 




ni 

m 

■i 

B 


Positive 

AVofFSET/ A V + 


20 





jaV/V 

Negative 

AVqffSET/AV- 


20 



WEM 


jaV/V 

Common Mode Rejection Ratio 



110 


m 

110 


dB 

Common Mode Range 





±12 



V 

Input Resistance 


10 

26 


10 

26 


k ft 

Magnitude of Leakage Current 

•abc = 0 


0.2 

100 


0.2 

5 

nA 

Differential Input Current 

Iabc = 0, Input = ±4V 


0.02 

100 


0.02 

5 

nA 

Open Loop Bandwidth 



2 



2 


MHz 

Slew Rate 

Unity Gain Compensated 


50 



50 


V/jas 


Note 1: These specifications apply for Vs = ±15V and Ta = 25°C, amplifier bias current (Iabc) = 500 fA unless otherwise specified. 
Note 2: Selection to supply voltage above ± 22 V, contact the factory. 
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TRANSCONDUCTANCE (gm) - (pmho) DEVICE DISSIPATION (pW) PEAK OUTPUT CURRENT (pA) INPUT OFFSET VOLTAGE (mV) 


Typical Performance Characteristics 


Input Offset Voltage 


Input Offset Current 
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lABC-AMPLIFIER 0IAS CURRENT (pA) 
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National Semicondu 


c 


tor 


LM3303/LM3403 

Quad Operational Amplifiers 

General Description 

The LM3303 and LM3403 are monolithic quad operational 
amplifiers consisting of four independent high gain, internal- 
ly frequency compensated, operational amplifiers designed 
to operate from a single power supply or dual power sup- 
plies over a wide range of voltages. The common mode 
input range includes the negative supply, thereby eliminat- 
ing the necessity for external biasing components in many 
applications. 

Features 

■ Input common mode voltage range includes ground or 
negative supply 

■ Output voltage can swing to ground or negative supply 


■ Four internally compensated operational amplifiers in a 
single package 

■ Wide power supply range single supply of 3.0V to 36V 
dual supply of ±1.5V to ±18V 

■ Class AB output stage for minimal crossover distortion 

■ Short circuit protected outputs 

■ High open loop gain 200k 

■ LM741 operational amplifier type performance 

Applications 

■ Filters 

■ Voltage controlled oscillators 


Connection Diagram 


Order Information 


14-Lead DIP and SO-14 Package 



Device 

Package 

Package 

Code 

Code 

Description 

LM3303J 

J14A 

Ceramic DIP 

LM3303N 

N14A 

Molded DIP 

LM3303M 

M14A 

Molded Surface Mount 

LM3403J 

J14A 

Ceramic DIP 

LM3403N 

N14A 

Molded DIP 

LM3403M 

M14A 

Molded Surface Mount 


Equivalent Circuit (% of circuit) 



v- 

TL/H/10064-2 
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LM3303/LM3403 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature Range 
Ceramic DIP -65°C to + 1 75°C 

Molded DIP and SO-1 4 - 65°C to + 1 50°C 

Operating Temperature Range 
Industrial (LM3303) -40°C to + 85°C 

Commercial (LM3403) 0°C to + 70°C 

Lead Temperature 

Ceramic DIP (Soldering, 60 sec.) 300°C 

Molded DIP and SO-1 4 

(Soldering, 10 sec.) 265°C 


Internal Power Dissipation (Notes 1, 2) 

14L-Ceramic DIP 1.36W 

14L-Molded DIP 1.04W 

SO-1 4 0.93W 

Supply Voltage between V+ and V- 36V 

Differential Input Voltage (Note 3) ± 30V 

InputVoltage (V-) - 0.3Vto V+ 

ESD Tolerance (To Be Determined) 


LM3303 and LM3403 

Electricai Characteristics Ta = 25°C, Vqc = ± 15V, unless otherwise specified 


Symbol 

Parameter 

Conditions 

LM3303 

LM3403 

Units 

Min 

Typ 

Max 

Min 

Typ 


V|0 

Input Offset Voltage 



2.0 

8.0 


2.0 

8.0 

mV 

ho 

Input Offset Current 



30 

75 


30 

50 

nA 

•lB 

Input Bias Current 



200 

500 


200 


nA 

Z| 




1.0 



1.0 


Mn 

•cc 

Supply Current 

bsssbeh 


2.8 





mA 

CMR 



■a 






dB 

V|R 



m 



+ 13V 

toV- 



V 

PSRR 

Power Supply 

Rejection Ratio 


■ 

30 

150 

■ 

30 

150 

JLtV/V 

•os 

Output Short Circuit Current 
(Per Amplifier) (Note 4) 


±10 

^l||j|| 

±45 

±10 

±30 

±45 

mA 

Avs 

Large Signal Voltage Gain 

v 0 = ±10V, 

R[_ ;> 2.0 k n 

20 

Jj 


20 

200 


V/mV 

Vop 

Output Voltage Swing 

R L =10kft 

±12 

12.5 


±12 

+ 13.5 


V 

R L = 2.0 kn 

±10 

12 





TR 

Transient 

Response 

Rise Time/ 

Fall Time 

V 0 = 50 mV, 

A v = 1.0, R l = 10 kfi 

■ 

0.3 


■ 



flS 

Overshoot 

V 0 = 50 mV, 

A v = 1 . 0 , R l = 10 kn 

■ 

5.0 



5.0 


% 

BW 

Bandwidth 


V 0 = 50 mV, 

A v = l.o, R l = 10 kn 

■ 



■ 

1.0 


MHz 

SR 

Slew Rate 


■ 

0.6 


■ 

0.6 


V/ juts 
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LM3303 and LM3403 (Continued) 


Electrical Characteristics Ta = 25°C, Vcc = ±15V, unless otherwise specified 

The following specifications apply for -40°C ^ Ta ^ + 85°C for the LM3303, and 0°C ^ Ta ^ +70°C for the LM3403 


Symbol 

Parameter 

Conditions 

LM3303 

LM3403 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

V|0 

Input Offset Voltage 




10 



10 

mV 

AV|q/AT 

Input Offset Voltage 

Temperature Sensitivity 


■ 

10 



10 

■ 

ixvrc 

ho 

Input Offset Current 




250 




nA 

AI, 0 /AT 

Input Offset Current 

Temperature Sensitivity 


■ 


■ 

■ 

50 

■ 

pA/°C 

•lB 

Input Bias Current 




1000 




nA 

Avs 

Large Signal Voltage Gain 

v 0 = ±iov, 
R l ^ 2.0 kO 

15 



15 



V/mV 

Vqp 

Output Voltage Swing 

R l = 2.0 ka 

±10 



±10 



V 


LM3303 and LM3403 

Electrical Characteristics Ta = 25°C, V+ = 5.0V, V- = GND, unless otherwise specified 


Symbol 

Parameter 

Conditions 

LM3303 

LM3403 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

V|0 

Input Offset Voltage 




8.0 


2.0 

8.0 

mV 

ho 

Input Offset Current 




75 


30 

50 

nA 

■lB 

Input Bias Current 




500 


200 

500 

nA 

•cc 

Supply Current 







7.0 

mA 

PSRR 

Power Supply 

Rejection Ratio 


■ 

■ 

150 





A V s 

Large Signal Voltage Gain 

R l ^ 2.0 ka 

20 



20 

200 



VoP 

Output Voltage Swing 
(Note 5) 

R[_ = 10 ka 

3.3 



3.3 



V 

5.0V ^ V+ ^ 30V, 

R|_ = 10 ka 

(V+) 

-2.0 



(V+) 

-2.0 



CS 

Channel Separation 

1.0 Hz ^ f ^ 20 kHz 
(Input Referenced) 


-120 



-120 


dB 


Note 1: Tj Max = 150°C for the Molded DIP and SO-14, and 175°C for the Ceramic DIP. 

Note 2: Ratings apply to ambient temperature at 25°C. Above this temperature, derate the 14L-Ceramic DIP at 9.1 mW/°C, the 14L-Molded DIP at 8.3 mW/°C, and 
the SO-14 at 7.5 mW/°C. 

Note 3: For supply voltage less than 30V between V+ and V-, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: Not to exceed maximum package power dissipation. 

Note 5: Output will swing to ground. 
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LM3303/LM3403 


Typical Performance Characteristics 


Open Loop 



1.0 10 100 1.0k 10k 100k 1.0M 
FREQUENCY (Hz) 


Sine Wave Response 



50 /is/Div 


% 

5 

5 

£ 


Output Voltage 



1.0k 10k 100k 1.0M 


FREQUENCY (Hz) 


Output Swing vs 
Supply Voltage 



0 2.0 4.0 6.0 8.0 10 12 14 16 18 20 


Input Bias Current 



-75-55-35-15 5 25 45 65 85 105125 


Input Bias Current 



0 2.0 4.0 6.0 8.0 10 12 14 16 18 20 


SUPPLY VOLTAGE (±V) 


TEMPERATURE (°C) 


SUPPLY VOLTAGE (±V) 

TL/H/ 10064-3 
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Typical Applications 

Multiple Feedback Bandpass Filter 



f Q = center frequency 
BW = Bandwidth 
R in kft 
C in jx F 


q = _ 2 . < 10 
BW 



TL/H/ 10064-4 


Cl = C2=- 


R1 = R2 = 1 R3 = 9Q2 


- 1 | Usii 


Using scaling factors in these expressions. 


If source impedance is high or varies, filter may be preceded with voltage 
follower buffer to stabilize filter parameters. 


Design example: 


given: Q = 5, f 0 = 1 kHz 
Let R1 = R2 = 10 ktt 
then R3 = 9(5)2 _ 10 
R3 = 215 kO 


1.6 nF 


Wein Bridge Oscillator 

50 kA 



f ° = 2^RC f ° rf ° = 1 KHZ 


R = 16 kft 
C = 0.01 jmF 


Comparator with Hysteresis 



R i 

V |H = p fr — "pg (VoH - Vref) + V REF 

H ‘ STTi 2 <VoH_VoL) 


High Impedance Differential Amplifier 



Vout = C(1 + a + b)(V2 - VI) 

^ for best CMRR 
R5 R7 

R1 = R4 
R2 = R5 

Gain “ Si ( 1+ ^) =c(1 + a + b) 


AC Coupled Non-Inverting Amplifier 

R1 R2 

100 ka 1 Mil 



Av = 1 1 (as shown) 
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Typical Applications (Continued) 

AC Coupled Inverting Amplifier 

R f 

100 k A 



Ay = 10 (as shown) 


Voltage Reference 
v+ 



TL/H/10064-10 

R1 / V+ „ ^ 

v 0 = — — — = — as shown ) 

R1 + R2 V 2 / 

v 0 = iv+ 


Ground Referencing a 
Differential Input Signal 



Pulse Generator 



Voltage Controlled Oscillator 


0.05 uF 



n_r 

OUT 1 

OUT 2 


TL/H/10064-12 


Note 1: Wide Control Voltage Range: 
0V <; V C o ^ 2(V ±1.5V) 
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Typical Applications (Continued) 


Function Generator 


Note 2: f 


R1 + R2 
4CR f R1 



SQUARE WAVE 
OUT 


TL/H/ 10064- 13 


Bi-Quad Filter 


R 




where: 

Tbp = Center Frequency Gain 
T|s| = Bandpass Notch Gain 


^.Vref—Vcc 


R1 = QR 


R2 


R1 

Tbp 


Example: 
f 0 = 1000 Hz 
BW = 100 Hz 
T B p = 1 
Tn = 1 
r = 160 kn 

R1 = 1.6 Mfl 
R2 = 1.6 Mn 
R3 = 1.6 
C = 0.001 juF 


TL/H/1 0064-1 5 


R3 = T N R2 
Cl = 10C 
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LM3875 



N a t 


ional Semiconductor 


LM3875 O'VCT'tUV'C Audio Power Amplifier Series 

High-Performance 56W Audio Power Amplifier 


General Description 

The LM3875 is a high-performance audio power amplifier 
capable of delivering 56W of continuous average power to 
an load with 0.1% (THD + N) from 20 Hz-20 kHz. 

The performance of the LM3875, utilizing its Self Peak In- 
stantaneous Temperature (°Ke) (SPiKe) Protection Circuit- 
ry, puts it in a class above discrete and hybrid amplifiers by 
providing an inherently, dynamically protected Safe Operat- 
ing Area (SO A). SPiKe Protection means that these parts 
are completely safeguarded at the output against overvolt- 
age, undervoltage, overloads, including shorts to the sup- 
plies, thermal runaway, and instantaneous temperature 
peaks. 

The LM3875 maintains an excellent Signal-to-Noise Ratio of 
greater than 95 dB(min) with a typical low noise floor of 
2.0 juV. It exhibits extremely low (THD 4- N) values of 
0.06% at the rated output into the rated load over the audio 
spectrum, and provides excellent linearity with an IMD 
(SMPTE) typical rating of 0.004%. 


Features 

■ 56W continuous average output power into 8a 

■ 1 00W instantaneous peak output power capability 

■ Signal-to-Noise Ratio > 95 dB (min) 

■ Output protection from a short to ground or to the 
supplies via internal current limiting circuitry 

■ Output over-voltage protection against transients from 
inductive loads 

■ Supply under-voltage protection, not allowing internal 
biasing to occur when |VeeI + l v ccl ^ 12V, thus elimi- 
nating turn-on and turn-off transients 

■ 1 1 lead TO-220 package 

Applications 

■ Component stereo 

■ Compact stereo 

■ Self-powered speakers 

■ Surround-sound amplifiers 

■ High-end stereo TVs 


Typical Application 


Connection Diagram 


V+ 



Plastic Package (Note 8) 



Order Number LM3875T or LM3875TF 
See NS Package Number TA1 IB for 
Staggered Lead Non-lsolated 
Package or TF1 IB for Staggered 
Lead Isolated Package 


TL/H/1 1449-1 


FIGURE 1. Typical Audio Amplifier Application Circuit 

♦Optional components dependent upon specific design requirements. Refer to the External Compo- 
nents Description section for a component function description. 
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Absolute Maximum Ratings (Notes 1 , 2) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage |V + 1 + |V~ | (No Signal) 94V 

Supply Voltage | V + 1 + | V ~ | (Input Signal) 84V 


Common Mode Input Voltage 

Differential Input Voltage 
Output Current 
Power Dissipation (Note 3) 
ESD Susceptibility (Note 4) 


(V+ or V~) and 

|v+| + |v-| <; 80V 

60V 

Internally Limited 
125W 
2500V 


Junction Temperature (Note 5) 
Soldering Information 
T package (10 seconds) 
Storage Temperature 
Thermal Resistance 
0JC 

0ja 


150°C 


260°C 
-40°C to + 150°C 


1°C/W 

43°C/W 


Operating Ratings (Notes 1 , 2) 

Temperature Range 

T MIN <: T a <; T MA x -20°C ^ T a £ +85°C 

Supply Voltage | V + 1 + | V - 1 20 V to 84 V 

Note: Operation is guaranteed up to 84V, however, distortion may be intro- 
duced from the SPiKe Protection Circuitry when operating above 70V 
if proper thermal considerations are not taken into account. Refer to 
the Thermal Considerations section for more information. (See SPiKe 
Protection Response) 

Electrical Characteristics (Notes 1, 2) The following specifications apply for V+ = + 35V, V - = -35V with 
R|_ = 8ft unless otherwise specified. Limits apply for T A = 25°C. 


Symbol 

Parameter 

Conditions 

LM3875 

Units 

(Limits) 

Typical 
(Note 6) 

Limit 
(Note 7) 

Iv+l + lv-l 

Power Supply Voltage 



20 

84 

V (Min) 

V (Max) 

**Po 

Output Power (Continuous Average) 

THD + N = 0.1% (Max) 
f = 1 kHz, f = 20 kHz 

56 


W (Min) 

Peak Pq 

Instantaneous Peak Output Power 


100 


W 

THD + N 

Total Harmonic Distortion Plus Noise 

40 W, 20 Hz ^ f ^ 20 kHz 

A v = 26 dB 

0.06 


% 

**SR 

Slew Rate (Note 9) 

V, N = 1.414 Vrms, f = 10 kHz 

Square-wave, Rl = 2 kft 

11 

5 

V/jus (Min) 

*1 + 

Total Quiescent Power Supply Current 

Vcm = 0V, V 0 = 0V, l 0 = 0 mA 

30 

70 

mA (Max) 

*Vos 

Input Offset Voltage 

Vcm = 0V, l 0 = 0 mA 

1 

10 

mV (Max) 

•b 

Input Bias Current 

Vcm = ov, l 0 = 0 mA 

0.2 

1 

jaA (Max) 

•os 

Input Offset Current 

Vcm = 0V, l 0 = 0 mA 

0.01 

0.2 

jLtA (Max) 

•o 

Output Current Limit 

|V+| = |V~| = 10V, ton = 10 ms, V 0 = 0V 

6 

4 

A (Min) 

* 

o< 

Q. 

Output Dropout Voltage (Note 10) 

|V+ - V 0 |,V+ = 20V, l 0 = + 100 mA 
|V 0 - V-|, V- = -20V, l 0 = -100 mA 

1.6 

2.7 

5 

5 

V (Max) 

V (Max) 

*PSRR 

Power Supply Rejection Ratio 

V+ = 40V to 20V, V~ = -40V, 

Vcm = 0V, Iq = 0 mA 

V+ = 40V, V- = -40V to -20V, 

Vcm = 0V, l 0 = 0 mA 

120 

120 

85 

85 

dB (Min) 

*CMRR 

Common Mode Rejection Ratio 

V+ = 60V to 20V, V- = -20V to -60V, 

V cm = 20V to -20V, l 0 = 0 mA 

120 

80 

dB (Min) 

*Avol 

Open Loop Voltage Gain 

|V+ 1 = |V-| = 40V, R L = 2 kft, AV 0 = 60V 

120 

90 

dB (Min) 

GBWP 

Gain-Bandwidth Product 

|v+| = |v-| = 40V 

fo = 100 kHz, Vin = 50 mVrms 

8 

2 

MHz (Min) 

** e IN 

Input Noise 

IHF - A Weighting Filter 

RlN = 600ft (Input Referred) 

2.0 

8.0 

juV (Max) 


*DC Electricat Test; refer to Test Circuit #1. 
*AC Electrical Test; refer to Test Circuit #2. 
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LM3875 


Electrical Characteristics (Notes 1, 2) The following specifications apply for V+ = + 35V, V - = -35V with 
R[_ = 811 unless otherwise specified. Limits apply for Ta = 25°C. (Continued) 





LM3875 

Units 

(Limits) 

Symbol 

Parameter 

Conditions 

Typical 
(Note 6) 

Limit 
(Note 7) 

SNR 

Signal-to-Noise Ratio 

P 0 = 1 W, A- Weighted, 

Measured at 1 kHz, R§ = 25 H 

98 dB 


dB 



P 0 = 40W, A-Weighted, 
Measured at 1 kHz, Rs = 2511 



dB 



P pk = 100W, A-Weighted, 
Measured at 1 kHz, Rs = 2511 

122 dB 


dB 

IMD 

Intermodulation Distortion Test 

60 Hz, 7 kHz, 4:1 (SMPTE) 

60 Hz, 7 kHz, 1:1 (SMPTE) 

0.004 

0.006 


% 


•DC Electrical Test; refer to Test Circuit #1. 

**AC Electrical Test; refer to Test Circuit #2. 

Note 1: All voltages are measured with respect to supply GND, unless otherwise specified. 

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions 
which guarantee specific performance limits. This assumes that the device is within the Operating Ratings. Specifications are not guaranteed for parameters where 
no limit is given, however, the typical value is a good indication of device performance. 

Note 3: For operating at case temperatures above 25°C, the device must be derated based on a 1 50°C maximum junction temperature and a thermal resistance of 
0jc = 1.0‘C/W (junction to case). Refer to the Thermal Resistance figure in the Application Information section under Thermal Considerations. 

Note 4: Human body model, 100 pF discharged through a 1.5 kft resistor. 

Note 5: The operating junction temperature maximum is 1 50°C, however, the instantaneous Safe Operating Area temperature is 250°C. 

Note 6: Typicals are measured at 25°C and represent the parametric norm. 

Note 7: Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 8: The LM3875T package TA11B is a non-isolated package, setting the tab of the device and the heat sink at V~ potential when the LM3875 is directly 
mounted to the heat sink using only thermal compound. If a mica washer is used in addition to thermal compound, 0qs (case to sink) is increased, but the heat sink 
will be isolated from V~. 

Note 9: The feedback compensation network limits the bandwidth of the closed-loop response and so the slew rate will be reduced due to the high frequency roll- 
off. Without feedback compensation, the slew rate is typically 16V//xs. 

Note 10: The output dropout voltage is the supply voltage minus the clipping voltage. Refer to the Clipping Voltage vs. Supply Voltage graph in the Typical 
Performance Characteristics section. 
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LM3875 


Single Supply Application Circuit 



TL/H/1 1449-5 

FIGURE 2. Typical Single Supply Audio Amplifier Application Circuit 

’Optional components dependent upon specific design requirements. Refer to the External Components Description section for a component function description. 

Equivalent Schematic (Excluding active protection circuitry) 


v+ 
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External Components Description {Figures 1 and 2) 


Components Functional Description 

1 . Rin Acts as a volume control by setting the voltage level allowed to the amplifier’s input terminals. 

2. Ra Provides DC voltage biasing for the single supply operation and bias current for the positive input terminal. 

3. Ca Provides bias filtering. 

4. C Provides AC coupling at the input and output of the amplifier for single supply operation. 

5. Rb Prevents currents from entering the amplifier’s non-inverting input which may be passed through to the load 

upon power-down of the system due to the low input impedance of the circuitry when the under-voltage 
circuitry is off. This phenomenon occurs when the supply voltages are below 1 .5 V. 

6. *C c Reduces the gain (bandwidth of the amplifier) at high frequencies to avoid quasi-saturation oscillations of the 

output transistor. The capacitor also suppresses external electromagnetic switching noise created from 
fluorescent lamps. 

7. Ri Inverting input resistance to provide AC Gain in conjunction with Rfi . 

8. *Ci Feedback capacitor. Ensures unity gain at DC. Also a low frequency pole (highpass roll-off) at: 

f c = 1/(2 tt RiCi). 

9. Rfi Feedback resistance to provide AC Gain in conjunction with Ri. 

1 0. *Rf 2 At higher frequencies feedback resistance works with Cf to provide lower AC Gain in conjunction with Rfi 

and Ri. A high frequency pole (lowpass roll-off) exists at: 
fc = [Rfi Rf 2 l (s + 1/Rf2 Of] /[(Rfi + R f2 ) (s + 1 /C f (Rfi +R f2 ))l. 

11. *Cf Compensation capacitor that works with Rfi and Rf 2 to reduce the AC Gain at higher frequencies. 

1 2. *R S n Works with Csn to stabilize the output stage by creating a pole that eliminates high frequency oscillations. 

1 3. *Csn Works with Rsn to stabilize the output stage by creating a pole that eliminates high frequency oscillations. 

f c = 1 /(27 tRsn Csn)- 

14. *L Provides high impedance at high frequencies so that R may decouple a highly capacitive load and reduce the 

15 . *R Q of the series resonant circuit due to capacitive load. Also provides a low impedance at low frequencies to 

short out R and pass audio signals to the load. 

1 6. Cs Provides power supply filtering and bypassing. 

•Optional components dependent upon specific design requirements. Refer to the Application Information section for more information. 

OPTIONAL EXTERNAL COMPONENT INTERACTION 

Although the optional external components have specific desired functions that are designed to reduce the bandwidth and 
eliminate unwanted high frequency oscillations they may cause certain undesirable effects when they interact. Interaction may 
occur for components whose reactances are in close proximity to one another. One example would be the coupling capacitor, 
Cc, and the compensation capacitor, Cf. These two components act as low impedances to certain frequencies which will couple 
signals from the input to the output. Please take careful note of basic amplifier component functionality when designing in these 
components. 

The optional external components shown in Figure 2 and described above are applicable in both single and split voltage supply 
configurations. 
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Max Heatsink Thermal Resistance (°C/W) 
at the Specified Ambient Temperature (°C) 
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Note: The maximum heat sink thermal resistance values, 0 sa> in the table above 
were calculated using a 0qs = 0.2°C/W due to thermal compound. 
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Application Information 

GENERAL FEATURES 

Under- Voltage. Protection: Upon system power-up the un- 
der-voltage Protection Circuitry allows the power supplies 
and their corresponding caps to come up close to their full 
values before turning on the LM3875 such that no DC out- 
put spikes occur. Upon turn-off, the output of the LM3875 is 
brought to ground before the power supplies such that no 
transients occur at power-down. 

Over-Voltage Protection: The LM3875 contains overvolt- 
age protection circuitry that limits the output current to ap- 
proximately 4Apeak while also providing voltage clamping, 
though not through internal clamping diodes. The clamping 
effect is quite the same, however, the output transistors are 
designed to work alternately by sinking large current spikes. 
SPiKe Protection: The LM3875 is protected from instanta- 
neous peak-temperature stressing by the power transistor 
array. The Safe Operating Area graph in the Typical Per- 
formance Characteristics section shows the area of de- 
vice operation where the SPiKe Protection Circuitry is not 
enabled. The waveform to the right of the SOA graph exem- 
plifies how the dynamic protection will cause waveform dis- 
tortion when enabled. 

Thermal Protection: The LM3875 has a sophisticated ther- 
mal protection scheme to prevent long-term thermal stress 
to the device. When the temperature on the die reaches 
1 65°C, the LM3875 shuts down. It starts operating again 
when the die temperature drops to about 1 55°C, but if the 
temperature again begins to rise, shutdown will occur again 
at 1 65°C. Therefore the device is allowed to heat up to a 
relatively high temperature if the fault condition is tempo- 
rary, but a sustained fault will cause the device to cycle in a 
Schmitt Trigger fashion between the thermal shutdown tem- 
perature limits of 1 65°C and 1 55°C. This greatly reduces the 
stress imposed on the 1C by thermal cycling, which in turn 
improves its reliability under sustained fault conditions. 
Since the die temperature is directly dependent upon the 
heat sink, the heat sink should be chosen as discussed in 
the Thermal Considerations section, such that thermal 
shutdown will not be reached during normal operation. Us- 
ing the best heat sink possible within the cost and space 
constraints of the system will improve the long-term reliabili- 
ty of any power semiconductor device. 

THERMAL CONSIDERATIONS 
Heat Sinking 

The choice of a heat sink for a high-power audio amplifier is 
made entirely to keep the die temperature at a level such 
that the thermal protection circuitry does not operate under 
normal circumstances. The heat sink should be chosen to 
dissipate the maximum 1C power for a given supply voltage 
and rated load. 

With high-power pulses of longer duration than 1 00 ms, the 
case temperature will heat up drastically without the use of 
a heat sink. Therefore the case temperature, as measured 
at the center of the package bottom, is entirely dependent 
on heat sink design and the mounting of the 1C to the heat 
sink. For the design of a heat sink for your audio amplifier 
application refer to the Determining the Correct Heat Sink 
section. 


Since a semiconductor manufacturer has no control over 
which heat sink is used in a particular amplifier design, we 
can only inform the system designer of the parameters and 
the method needed in the determination of a heat sink. With 
this in mind, the system designer must choose his supply 
voltages, a rated load, a desired output power level, and 
know the ambient temperature surrounding the device. 
These parameters are in addition to knowing the maximum 
junction temperature and the thermal resistance of the 1C, 
both of which are provided by National Semiconductor. 

As a benefit to the system designer we have provided Maxi- 
mum Power Dissipation vs Supply Voltages curves for vari- 
ous loads in the Typical Performance Characteristics 
section, giving an accurate figure for the maximum thermal 
resistance required for a particular amplifier design. This 
data was based on 0jc = 1°C/W and 0qs = 0.2°C/W. We 
also provide a section regarding heat sink determination for 
any audio amplifier design where 0ps ma Y be a different 
value. It should be noted that the idea behind dissipating the 
maximum power within the 1C is to provide the device with a 
low resistance to convection heat transfer such as a heat 
sink. Therefore, it is necessary for the system designer to be 
conservative in his heat sink calculations. As a rule, the low- 
er the thermal resistance of the heat sink the higher the 
amount of power that may be dissipated. This is, of course, 
guided by the cost and size requirements of the system. 
Convection cooling heat sinks are available commercially, 
and their manufacturers should be consulted for ratings. 
Proper mounting of the 1C is required to minimize the ther- 
mal drop between the package and the heat sink. The heat 
sink must also have enough metal under the package to 
conduct heat from the center of the package bottom to the 
fins without excessive temperature drop. 

A thermal grease such as Wakefield type 120 or Thermalloy 
Thermacote should be used when mounting the package to 
the heat sink. Without this compound, the thermal resist- 
ance will be no better than 0.5°C/W, and probably much 
worse. With the compound, thermal resistance will be 
0.2°C/W or less, assuming under 0.005 inch combined flat- 
ness runout for the package and heat sink. Proper torquing 
of the mounting bolts is important and can be determined 
from heat sink manufacturer’s specification sheets. 

Should it be necessary to isolate V~ from the heat sink, an 
insulating washer is required. Hard washers like berylum ox- 
ide, anodized aluminum and mica require the use of thermal 
compound on both faces. Two-mil mica washers are most 
common, giving about 0.4°C/W interface resistance with the 
compound. 

Silicone-rubber washers are also available. A 0.5°C/W ther- 
mal resistance is claimed without thermal compound. Expe- 
rience has shown that these rubber washers deteriorate and 
must be replaced should the 1C be dismounted. 

Determining Maximum Power Dissipation 

Power dissipation within the integrated circuit package is a 
very important parameter requiring a thorough understand- 
ing if optimum power output is to be obtained. An incorrect 
maximum power dissipation (Pp) calculation may result in 
inadequate heatsinking, causing thermal shutdown circuitry 
to operate and limit the output power. 
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The following equations can be used to accurately calculate 
the maximum and average integrated circuit power dissipa- 
tion for your amplifier design, given the supply voltage, rated 
load, and output power. These equations can be directly 
applied to the Power Dissipation vs Output Power curves in 
the Typical Performance Characteristics section. 
Equation (1) exemplifies the maximum power dissipation of 
the IG and equations (2) and (3) exemplify the average 1C 
power dissipation expressed in different forms. 

Pdmax = V c c 2 /2tt2 r l (1) 

where V<x is the total supply voltage 

PdAVE = (Vopk/RL) (Vcc/^ - V 0pk /2] (2) 

where Vcc is the total supply voltage and Vo P k = Vcc^ 

Pdave = v cc Vopk/^ Rl ~ V 0pk 2 /2 r l ( 3 ) 

where Vcc is the total supply voltage. 

Determining the Correct Heat Sink 
Once the maximum 1C power dissipation is known for a giv- 
en supply voltage, rated load, and the desired rated output 
power the maximum thermal resistance (in °C/W) of a heat 
sink can be calculated. This calculation is made using equa- 
tion (4) and is based on the fact that thermal heat flow pa- 
rameters are analogous to electrical current flow properties. 
It is also known that typically the thermal resistance, 0 jc 
( junction to case), of the LM3875 is 1°C/W and that using 
Therhrialloy Thermacote thermal compound provides a ther- 
mal resistance, 0cs (case to heat sink), of about 0.2°C/W 
as explained in the Heat Sinking section. 

Referring to the figure below, it is seen that the thermal 
resistance from the die (junction) to the outside air (ambient) 
is a combination of three thermal resistances, two of which 
are known, 0jc and 0cs- Since convection heat flow (power 
dissipation) is analogous to current flow, thermal resistance 
is analogous to electrical resistance, and temperature drops 
are analogous to voltage drops, the power dissipation out of 
the LM3875 is equal to the following: 

Pdmax = (Tjmax ~ T Amb)/0JA 
where 0j A = 0 jc + #cs + #sa 

^Jmax ^Amb 

0 JC 0 CS 0SA 
P DMAX 

•— — WSr • 

0 JA 

TL/H/i 1449-10 

But since we know Pdmax. 0jc> and #sc for the application 
and we are looking for 0 sa. we have the following: 

#SA ^ UTjmax “ T Amb ) ~ PDMAX (#JC + ^CS)]/ PDMAX (4) 

Again it must be noted that the value of 0 $a is dependent 
upon the system designer’s amplifier application and its cor- 
responding parameters as described previously. If the ambi- 
ent temperature that the audio amplifier is to be working 
under is higher than the normal 25°C, then the thermal re- 
sistance for the heat sink, given all other things are equal, 
will need to be smaller. 


Equations (1 ) and (4) are the only equations needed in the 
determination of the maximum heat sink thermal resistance. 
This is, of course, given that the system designer knows the 
required supply voltages to drive his rated load at a particu- 
lar power output level and the parameters provided by the 
semiconductor manufacturer. These parameters are the 
junction to case thermal resistance, 0jc» Tjmax = 150°C, 
and the recommended Thermalloy Thermacote thermal 
compound resistance, 0cs- 

SIGNAL-TO-NOISE RATIO 

In the measurement of the signal-to-noise ratio, misinterpre- 
tations of the numbers actually measured are common. One 
amplifier may sound much quieter than another, but due to 
improper testing techniques, they appear equal in measure- 
ments. This is often the case when comparing integrated 
circuit designs to discrete amplifier designs. Discrete tran- 
sistor amps often “run out of gain” at high frequencies and 
therefore have small bandwidths to noise as indicated be- 
low. 



FREQUENCY (Hz) 

TL/H/1 1449-11 

Integrated circuits have additional open loop gain allowing 
additional feedback loop gain in order to lower harmonic 
distortion and improve frequency response. It is this addi- 
tional bandwidth that can lead to erroneous signal-to-noise 
measurements if not considered during the measurement 
process. In the typical example above, the difference in 
bandwidth appears small on a log scale but the factor of 10 
in bandwidth, (200 kHz to 2 MHz) can result in a 10 dB 
theoretical difference in the signal-to-noise ratio (white 
noise is proportional to the square root of the bandwidth in a 
system). 

In comparing audio amplifiers it is necessary to measure the 
magnitude of noise in the audible bandwidth by using a 
“weighting” filter. 1 A “weighting” filter alters the frequency 
response in order to compensate for the average human 
ear’s sensitivity to the frequency spectra. The weighting fil- 
ters at the same time provide the bandwidth limiting as dis- 
cussed in the previous paragraph. 

In addition to noise filtering, differing meter types give differ- 
ent noise readings. Meter responses include: 

1. RMS reading, 

2. average responding, 

3. peak reading, and 

4. quasi peak reading. 


Reference 1: CCIR/ARM: A Practical Noise Measurement Method ; by Ray 
Dolby, David Robinson and Kenneth Gundry, AES Preprint No. 1353 (F-3). 
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Although theoretical noise analysis is derived using true 
RMS based calculations, most actual measurements are 
taken with ARM (Average Responding Meter) test equip- 
ment. 

Typical signal-to-noise figures are listed for an A-weighted 
filter which is commonly used in the measurement of noise. 
The shape of all weighting filters is similar, with the peak of 
the curve usually occurring in the 3 kHz-7 kHz region as 
shown below. 
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SUPPLY BYPASSING 

The LM3875 has excellent power supply rejection and does 
not require a regulated supply., However, to eliminate possi- 
ble oscillations all op amps and power op amps should have 
their supply leads bypassed with low-inductance capacitors 
having short leads and located close to the package termi- 
nals. Inadequate power supply bypassing will manifest itself 
by a low frequency oscillation known as “motorboating” or 
by high frequency instabilities. These instabilities can be 
eliminated through multiple bypassing utilizing a large tanta- 
lum or electrolytic capacitor (10 jjlF or larger) which is used 
to absorb low frequency variations and a small ceramic ca- 
pacitor (0.1 julF) to prevent any high frequency feedback 
through the power supply lines. 

If adequate bypassing is not provided the current in the sup- 
ply leads which is a rectified component of the load current 
may be fed back into internal circuitry. This signal causes 
low distortion at high frequencies requiring that the supplies 
be bypassed at the package terminals with an electrolytic 
capacitor of 470 jaF or more. 

LEAD INDUCTANCE 

Power op amps are sensitive to inductance in the output 
lead, particularly with heavy capacitive loading. Feedback to 
the input should be taken directly from the output terminal, 
minimizing common inductance with the load. 

Lead inductance can also cause voltage surges on the sup- 
plies. With long leads to the power supply, energy is stored 
in the lead inductance when the output is shorted. This en- 
ergy can be dumped back into the supply bypass capacitors 
when the short is removed. The magnitude of this transient 
is reduced by increasing the size of the bypass capacitor 
near the 1C. With at least a 20 julF local bypass, these volt- 
age surges are important only if the lead length exceeds a 
couple feet (>1 ju,H lead inductance). Twisting together the 
supply and ground leads minimizes the effect. 

LAYOUT, GROUND LOOPS AND STABILITY 

The LM3875 is designed to be stable when operated at a 
closed-loop gain of 10 or greater, but as with any other high- 


current amplifier, the LM3875 can be made to oscillate un- 
der certain conditions. These usually involve printed circuit 
board layout or output/input coupling. 

When designing a layout, it is important to return the load 
ground, the output compensation ground, and the low level 
(feedback and input) grounds to the circuit board common 
ground point through separate paths. Otherwise, large cur- 
rents flowing along a ground conductor will generate volt- 
ages on the conductor which can effectively act as signals 
at the input, resulting in high frequency oscillation or exces- 
sive distortion. It is advisable to keep the output compensa- 
tion components and the 0.1 ju,F supply decoupling capaci- 
tors as close as possible to the LM3875 to reduce the ef- 
fects of PCB trace resistance and inductance. For the same 
reason, the ground return paths should be as short as possi- 
ble. 

In general, with fast, high-current circuitry, all sorts of prob- 
lems can arise from improper grounding which again can be 
avoided by returning all grounds separately to a common 
point. Without isolating the ground signals and returning the 
grounds to a common point, ground loops may occur. 
“Ground Loop” is the term used to describe situations oc- 
curring in ground systems where a difference in potential 
exists between two ground points. Ideally a ground is a 
ground, but unfortunately, in order for this to be true, ground 
conductors with zero resistance are necessary. Since real 
world ground leads possess finite resistance, currents run- 
ning through them will cause finite voltage drops to exist. If 
two ground return lines tie into the same path at different 
points there will be a voltage drop between them. The first 
figure below shows a common ground example where the 
positive input ground and the load ground are returned to 
the supply ground point via the same wire. The addition of 
the finite wire resistance, R 2 , results in a voltage difference 
between the two points as shown below. 
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The load current l|_ will be much larger than input bias cur- 
rent l-j, thus V-| will follow the output voltage directly, i.e., in 
phase. Therefore the voltage appearing at the non-inverting 
input is effectively positive feedback and the circuit may os- 
cillate. If there were only one device to worry about then the 
values of Ri and R 2 would probably be small enough to be 
ignored; however, several devices normally comprise a total 
system. Any ground return of a separate device, whose out- 
put is in phase, can feedback in a similar manner and cause 
instabilities. Out of phase ground loops also are trouble- 
some, causing unexpected gain and phase errors. 

The solution to most ground loop problems is to always use 
a single-point ground system, although this is sometimes 
impractical. The third figure above is an example of a single- 
point ground system. 

The single-point ground concept should be applied rigorous- 
ly to all components and all circuits when possible. Viola- 
tions of single-point grounding are most common among 
printed circuit board designs, since the circuit is surrounded 
by large ground areas which invite the temptation to run a 
device to the closest ground spot. As a final rule, make all 
ground returns low resistance and low inductance by using 
large wire and wide traces. 

Occasionally, current in the output leads (which function as 
antennas) can be coupled through the air to the amplifier 
input, resulting in high-frequency oscillation. This normally 
happens when the source impedance is high or the input 


leads are long. The problem can be eliminated by placing a 
small capacitor, Cc, (on the order of 50 pF-500 pF) across 
the LM3875 input terminals. Refer to the External Compo- 
nents Description section relating to component interac- 
tion with Cf. 

REACTIVE LOADING 

It is hard for most power amplifiers to drive highly capacitive 
loads very effectively and normally results in oscillations or 
ringing on the square wave response. If the output of the 
LM3875 is connected directly to a capacitor with no series 
resistance, the square wave response will exhibit ringing if 
the capacitance is greater than about 0.2 juF. If highly ca- 
pacitive loads are expected due to long speaker cables, a 
method commonly employed to protect amplifiers from low 
impedances at high frequencies is to couple to the load 
through a 10ft resistor in parallel with a 0.7 ju,H inductor. 
The inductor-resistor combination as shown in the Typical 
Application Circuit isolates the feedback amplifier from the 
load by providing high output impedance at high frequencies 
thus allowing the 1 0ft resistor to decouple the capacitive 
load and reduce the Q of the series resonant circuit. The LR 
combination also provides low output impedance at low fre- 
quencies thus shorting out the 10ft resistor and allowing the 
amplifier to drive the series RC load (large capacitive load 
due to long speaker cables) directly. 
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GENERALIZED AUDIO POWER AMPLIFIER DESIGN 

The system designer usually knows some of the following 
parameters when starting an audio amplifier design: 

Desired Power Output Input Level 

Input Impedance Load Impedance 

Maximum Supply Voltage Bandwidth 

The power output and load impedance determine the power 
supply requirements, however, depending upon the applica- 
tion some system designers may be limited to certain maxi- 
mum supply voltages. If the designer does have a power 
supply limitation, he should choose a practical load imped- 
ance which would allow the amplifier to provide the desired 
output power, keeping in mind the current limiting capabili- 
ties of the device. In any case, the output signal swing and 
current are found from (where Pq is the average output 
power): 

Vopeak = V2 R L P 0 (1) 

lopeak = V(2P 0 )/Rl (2) 

To determine the maximum supply voltage the following pa- 
rameters must be considered. Add the dropout voltage 
(5 volts for LM3875) to the peak output swing, V opea f<, to get 
the supply rail value, (i.e. + V opea |< + Vod) at a current of 
lopeak)- The regulation of the supply determines the unload- 
ed voltage, usually about 15% higher. Supply voltage will 
also rise 10% during high line conditions. Therefore, the 
maximum supply voltage is obtained from the following 
equation: 

max. supplies - ± (V ope ak + Vod(1 + regulation)(1.1) (3) 
The input sensitivity and the output power specs determine 
the minimum required gain as depicted below: 

Ay S (#QRl )/(V,n) — Vorms/Vjnrms ^ 
Normally the gain is set between 20 and 200; for a 40W, 8ft 
audio amplifier this results in a sensitivity of 894 mV and 
89 mV, respectively. Although higher gain amplifiers provide 
greater output power and dynamic headroom capabilities, 
there are certain shortcomings that go along with the so 
called “gain”. The input referred noise floor is increased 
and hence the SNR is worse. With the increase in gain, 
there is also a reduction of the power bandwidth which re- 
sults in a decrease in feedback thus not allowing the amplifi- 
er to respond as quickly to nonlinearities. This decreased 
ability to respond to nonlinearities increases the THD + N 
specification. 

The desired input impedance is set by Rin- Very high values 
can cause board layout problems and DC offsets at the out- 
put. The value for the feedback resistance, Rf i , should be 
chosen to be a relatively large value (10 kft-100 kft), and 
the other feedback resistance, Ri, is calculated using stan- 
dard op amp configuration gain equations. Most audio am- 
plifiers are designed from the non-inverting amplifier config- 
uration. 


DESIGN A 40W/8ft AUDIO AMPLIFIER 

Given: 

Power Output 40W 

Load Impedance 8ft 

Input Level 1V( max ) 

Input Impedance 1 00 kft 

Bandwidth 20 Hz-20 kHz ± 0.25 dB 

Equation (1) and (2) give: 

40W/8ft Vopeak = 25.3V l opea k = 3.1 6A 
Therefore the supply required is: ± 30.3V @3.16A 
With 15% regulation and high line the final supply voltage is 
± 38.3V using equation (3). At this point it is a good idea to 
check the Power Output vs Supply Voltage to ensure that 
the required output power is obtainable from the device 
while maintaining low THD + N. It is also good to check the 
Power Dissipation vs Supply Voltage to ensure that the de- 
vice can handle the internal power dissipation. At the same 
time designing in a relatively practical sized heat sink with a 
low thermal resistance is also important. Refer to Typical 
Performance Characteristics graphs and the Thermal 
Considerations section for more information. 

The minimum gain from equation (4) is: Ay ^ 1 8 
We select a gain of 21 (Non-Inverting Amplifier); resulting in 
a sensitivity of 894 mV. 

Letting Rin equal 100 kft gives the required input imped- 
ance, however, this would eliminate the “volume control” 
unless an additional input impedance was placed in series 
with the 1 0 kft potentiometer that is depicted in Figure 1. 
Adding the additional 1 00 kft resistor would ensure the min- 
imum required input impedance. 

For low DC offsets at the output we let Rfi = 100 kft. 
Solving for Ri (Non-Inverting Amplifier) gives the following: 

Ri = Rfi /(A v - 1) = 100k/ (21 - 1) = 5 kft; use 5.1 kft 
The bandwidth requirement must be stated as a pole, i.e., 
the 3 dB frequency. Five times away from a pole give 
0.17 dB down, which is better than the required 0.25 dB. 
Therefore: 

f L = 20 Hz/5 = 4 Hz 
f H = 20 kHz X 5 = 100 kHz 

At this point, it is a good idea to ensure that the Gain Band- 
width Product for the part will provide the designed gain out 
to the upper 3 dB point of 100 kHz. This is why the minimum 
GBWP of the LM3875 is important. 

GBWP = A v X f3 dB = 21 X 100 kHz = 2.1 MHz 
GBWP = 2.0 MHz (min) for LM3875 
Solving for the low frequency roll-off capacitor, Ci, we have: 
Ci > 1/(27 r Ri f|_) = 7.8 jaF; use 10 jmF. 


I 



i 
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Definition of Terms 

Input Offset Voltage: The absolute value of the voltage 
which must be applied between the input terminals through 
two equal resistances to obtain zero output voltage and cur- 
rent. 

Input Bias Current: The absolute value of the average of 
the two input currents with the output voltage and current at 
zero. 

Input Offset Current: The absolute value of the difference 
in the two input currents with the output voltage and current 
at zero. 

Input Common-Mode Voltage Range (or Input Voltage 
Range): The range of voltages on the input terminals for 
which the amplifier is operational. Note that the specifica- 
tions are not guaranteed over the full common-mode volt- 
age range unless specifically stated. 

Common-Mode Rejection: The ratio of the input common- 
mode voltage range to the peak-to-peak change in input 
offset voltage over this range. 

Power Supply Rejection: The ratio of the change in input 
offset voltage to the change in power supply voltages pro- 
ducing it. 

Quiescent Supply Current: The current required from the 
power supply to operate the amplifier with no load and the 
output voltage and current at zero. 

Slew Rate: The internally limited rate of change in output 
voltage with a large amplitude step function applied to the 
input. 

Class B Amplifier: The most common type of audio power 
amplifier that consists of two output devices each of which 
conducts for 180° of the input cycle. The LM3875 is a 
Quasi-AB type amplifier. 

Crossover Distortion: Distortion caused in the output 
stage of a class B amplifier. It can result from inadequate 
bias current providing a dead zone where the output does 
not respond to the input as the input cycle goes through its 
zero crossing point. Also for ICs an inadequate frequency 
response of the output PNP device can cause a turn-on 
delay giving crossover distortion on the negative going tran- 
sition through zero crossing at the higher audio frequen- 
cies. 

THD + N: Total Harmonic Distortion plus Noise refers to 
the measurement technique in which the fundamental com- 
ponent is removed by a bandreject (notch) filter and all re- 
maining energy is measured including harmonics and noise. 
Signal-to-Noise Ratio: The ratio of a system’s output signal 
level to the system’s output noise level obtained in the ab- 
sence of a signal. The output reference signal is either 
specified or measured at a specified distortion level. 
Continuous Average Output Power: The minimum sine 
wave continuous average power output in watts (or dBW) 
that can be delivered into the rated load, over the rated 
bandwidth, at the rated maximum total harmonic distortion. 
Music Power: A measurement of the peak output power 
capability of an amplifier with either a signal duration suffi- 
ciently short that the amplifier power supply does not sag 
during the measurement, or when high quality external pow- 
er supplies are used. This measurement (an IHF standard) 
assumes that with normal music program material the ampli- 
fier power supplies will sag insignificantly. 

Peak Power: Most commonly referred to as the power out- 
put capability of an amplifier that can be delivered to the 
load; specified by the part’s maximum voltage swing. 


Headroom: The margin between an actual signal operating 
level (usually the power rating of the amplifier with particular 
supply voltages, a rated load value, and a rated THD + N 
figure) and the level just before clipping distortion occurs, 
expressed in decibels. 

Large Signal Voltage Gain: The ratio of the output voltage 
swing to the differential input voltage required to drive the 
output from zero to either swing limit. The output swing limit 
is the supply voltage less a specified quasi-saturation volt- 
age. A pulse of short enough duration to minimize thermal 
effects is used as a measurement signal. 

Output-Current Limit: The output current with a fixed out- 
put voltage and a large input overdrive. The limiting current 
drops with time once SPiKe protection circuitry is activated. 
Output Saturation Threshold (Clipping Point): The output 
swing limit for a specified input drive beyond that required 
for zero output. It is measured with respect to the supply to 
which the output is swinging. 

Output Resistance: The ratio of the change in output volt- 
age to the change in output current with the output around 
zero. 

Power Dissipation Rating: The power that can be dissipat- 
ed for a specified time interval without activating the protec- 
tion circuitry. For time intervals in excess of 1 00 ms, dissipa- 
tion capability is determined by heat sinking of the 1C pack- 
age rather than by the 1C itself. 

Thermal Resistance: The peak, junction-temperature rise, 
per unit of internal power dissipation (units in °C/W), above 
the case temperature as measured at the center of the 
package bottom. 

The DC thermal resistance applies when one output transis- 
tor is operating continuously. The AC thermal resistance ap- 
plies with the output transistors conducting alternately at a 
high enough frequency that the peak capability of neither 
transistor is exceeded. 

Power Bandwidth: The power bandwidth of an audio am- 
plifier is the frequency range over which the amplifier volt- 
age gain does not fall below 0.707 of the flat band voltage 
gain specified for a given load and output power. 

Power bandwidth also can be measured by the frequencies 
at which a specified level of distortion is obtained while the 
amplifier delivers a power output 3 dB below the rated out- 
put. For example, an amplifier rated at 60W with ^0.25% 
THD 4 - N, would make its power bandwidth measured as 
the difference between the upper and lower frequencies at 
which 0.25% distortion was obtained while the amplifier was 
delivering 30W. 

Gain-Bandwidth Product: The Gain-Bandwidth Product is 
a way of predicting the high-frequency usefulness of an op 
amp. The Gain-Bandwidth Product is sometimes called the 
unity-gain frequency or unity-gain cross frequency because 
the open-loop gain characteristic passes through or crosses 
unity gain at this frequency. Simply, we have the following 
relationship: 

Acli X fl = A C L2 X f2 
Assuming that at unity-gain 

(Acli = 1 or0dB)fu = U = GBWP, 
then we have the following: 

GBWP = A C l 2 X f 2 
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Definition of Terms (Continued) 

C.C.I.R./A.R.M.: 

Literally: International Radio Consultative Committee 
Average Responding Meter 

This refers to a weighted noise measurement for a Dolby B 
type noise reduction system. A filter characteristic is used 
that gives a closer correlation of the measurement with the 
subjective annoyance of noise to the ear. Measurements 
made with this filter cannot necessarily be related to un- 
weighted noise measurements by some fixed conversion 
factor since the answers obtained will depend on the spec- 
trum of the noise source. 

S.P.L.: Sound Pressure Level — usually measured with a mi- 
crophone/meter combination calibrated to a pressure level 
of 0.0002 ju,Bars (approximately the threshold hearing level). 

S.P.L. = 20 Log 1 0P/0.0002 dB 
Where P is the R.M.S sound pressure in microbars. 
(1 Bar = 1 atmosphere. = 14.5 lb./in 2 = 194 dB S.P.L.). 



TL/H/1 1449-14 


This says that once fu (GBWP) is known for an amplifier, 
then the open-loop gain can be found at any frequency. This 
is also an excellent equation to determine the 3 dB point of 
a closed-loop gain, assuming that you know the GBWP of 
the device. Refer to the diagram below. 

Bi-amplification: The technique of splitting the audio fre- 
quency spectrum into two sections and using individual 
power amplifiers to drive a separate woofer and tweeter. 
Crossover frequencies for the amplifiers usually vary be- 
tween 500 Hz and 1600 Hz. “Biamping” has the advan- 
tages of allowing smaller power amps to produce a given 
sound pressure level and reducing distortion effects pro- 
duced by overdrive in one part of the frequency spectrum 
affecting the other part. 
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Na t 


tonal Semiconductor 


LM4250 Programmable Operational Amplifier 


General Description 

The LM4250 and LM4250C are extremely versatile pro- 
grammable monolithic operational amplifiers. A single exter- 
nal master bias current setting resistor programs the input 
bias current, input offset current, quiescent power consump- 
tion, slew rate, input noise, and the gain-bandwidth product. 
The device is a truly general purpose operational amplifier. 
The LM4250C is identical to the LM4250 except that the 
LM4250C has its performance guaranteed over a 0°C to 
+ 70°C temperature range instead of the - 55°C to + 1 25°C 
temperature range of the LM4250. 


Features 

■ ± 1 V to ± 1 8V power supply operation 

■ 3 nA input offset current 

■ Standby power consumption as low as 500 nW 

■ No frequency compensation required 

■ Programmable electrical characteristics 

■ Offset voltage nulling capability 

■ Can be powered by two flashlight batteries 

■ Short circuit protection 


Connection Diagrams 


Metal Can Package 


Dual-ln-Line Package 


QUIESCENT 
• CURRENT SET 




Top View 


TL/H/9300-2 


Ordering information 


Temperature Range 

Package 

NSC 

Package 

Number 

Military 

-55°C<;T A <; + 125°C 

Commercial 

0°C ^ T A ^ +70°C 


LM4250CN 

8-Pin 

Molded DIP 

N08E 


LM4250CM 

8-Pin 

Surface Mount 

M08A 

LM4250J 

LM4250J-MIL 


8-Pin 

Ceramic DIP 

J08E 

LM4250H 

LM4250H-MIL 

LM4250CH 

8-Pin 

Metal Can 

H08C 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 2) 



LM4250 

LM4250C 

Supply Voltage 

± 18V 

±18V 

Operating Temp. Range 

— 55°C ^ T A £ + 1 25°C 

o°c <; t a ^ +7o°c 

Differential Input Voltage 

±30V 

±30V 

Input Voltage (Note 1) 

± 15V 

±15V 

Iset Current 

150 nA 

150 nA 

Output Short Circuit Duration 

Continuous 

Continuous 

Tjmax 

H-Package 

150°C 

100°C 

N-Package 


100°C 

J-Package 

150°C 

100°C 

M-Package 


100°C 

Power Dissipation at T/\ = 25°C 

H-Package (Still Air) 

500 mW 

300 mW 

(400 LF/Min Air Flow) 

1200 mW 

1200 mW 

N-Package 


500 mW 

J-Package 

1000 mW 

600 mW 

M-Package 


350 mW 

Thermal Resistance (Typical) 0 ja 

H-Package (Still Air) 

1 65°C/W 

165°C/W 

(400 LF/Min Air Flow) 

65°C/W 

65°C/W 

N-Package 


1 30°C/W 

J-Package 

108°C/W 

1 08°C/W 

M-Package 


1 90°C/W 

(Typical) 0j C 



H-Package 

21°C/W 

21°C/W 

Storage Temperature Range 

— 65°C to + 1 50°C 

— 65°Cto + 150°C 


Soldering Information 
Dual-ln-Line Package 

Soldering (10 seconds) 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 2 1 5°C 

Infrared (1 6 seconds) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

ESD tolerance (Note 3) 800V 

Note 1: For supply voltages less than ± 15V, the absolute maximum input voltage is equal to the supply voltage. 
Note 2: Refer to RETS4250X for military specifications. 

Note 3: Human body model, 1.5 kfl in series with 100 pF. 

Resistor Biasing 


Set Current Setting Resistor to V~ 


iSET 1 

Vs 

0.1 ju,A 

0.5 jmA 

1.0 jliA 

5 jli A 

10 jitA 

± 1.5V 

25.6 Ma 

5.04 MH 

2.5 M ft 

492 ka 

244 ka 

±3.0V 

55.6 M ft 

11.0 Mft 

5.5 Ma 

1.09 Ma 

544 ka 

±6.0V 

116 Mfi 

23.0 Mil 

11.5 M ft 

2.29 Ma 

1.14 Ma 

±9.0V 

176 Ma 

35.0 Mft 

17.5 Ma 

3.49 Ma 

1.74 Ma 

± 12.0V 

236 Ma 

47.0 Ma 

23.5 MH 

4.69 Ma 

2.34 Ma 

± 15.0V 

296 M a 

59.0 Ma 

29.5 MH 

5.89 Ma 

2.94 Ma 


1-483 


LM4250 




LM4250 


Electrical Characteristics LM4250 (-55°C ^ Ta ^ + 125°C unless otherwise specified.) Ta = Tj 

Parameter 

Conditions 

V s = ± 1.5V 

I ISET = 1 

•set = 10 jiA 1 

Min 

Max 

Min 

Max 

Vos 

R s <; 100kn,T A = 25°C 


3 mV 


5 mV 

•os 

T a = 25°C 


3 nA 


10 nA 

•bias 

T a = 25°C 


7.5 nA 


50 nA 

Large Signal Voltage 

Gain 

R L = 100kn,T A = 25°C 

V 0 = ±0.6V, R L = 10 ka 

40k 


50k 


Supply Current 

T a = 25°C 


7.5 juA 


80 ju,A 

Power Consumption 

T a = 25°C 


23 jnW 


240 fiW 

Vos 

R s ^ 100 ka 


4 mV 


6 mV 

•os 

T a = + 1 25°C 

T a = — 55°C 


5 nA 

3 nA 


10 nA 

10 nA 

•bias 



7.5 nA 


50 nA 

Input Voltage Range 


\mm 


±0.6V 


Large Signal Voltage 

Gain 

V 0 = ±0.5V, R l = 100ka 
r l = io ka 

30k 


30k 


Output Voltage Swing 

r l = ioo ka 

R L = 10 ka 

±0.6V 


mi 


Common Mode Rejection Ratio 

r s ^ io ka 

70 dB 


70 dB 


Supply Voltage Rejection Ratio 

R s ^ 10 ka 

76 dB 


76 dB 


Supply Current 



8 juA 


90 jliA 


Parameter 


V S =±15V | 

Conditions 

•set = 1 /aA 

•set = 10 mA | 


Min 

Max 

Min 

Max 

Vos 

R s <£ 100 ka,T A = 25°C 


3 mV 


5 mV 

•os 

T a = 25°C 


3 nA 


10 nA 

•bias 

T a = 25°C 


7.5 nA 


50 nA 

Large Signal Voltage 

Gain 

R l = 100ka,T A = 25° C 

V 0 = ±10 V, R l = 10 ka 

100k 



■H 

Supply Current 

T a = 25°C 


10 jit A 


90 jliA 

Power Consumption 

T a = 25°C 


300 jitW 


2.7 mW 

Vos 

r s ^ ioo ka 


4 mV 


6 mV 

•os 

II II 

1 + 

Ol -*■ 

on 


25 nA 

3 nA 


25 nA 

10 nA 

•bias 



7.5 nA 


50 nA 

Input Voltage Range 


± 13.5V 


± 13.5V 


Large Signal Voltage 

Gain 

v 0 = ±iov, r l = ioo ka 
R L =10ka 

B 



||M 

Output Voltage Swing 

r l = ioo ka 
r l = io ka 




II 

Common Mode Rejection Ratio 

R s ^ io ka 

70 dB 


70 dB 


Supply Voltage Rejection Ratio 

Rs ^ io ka 

76 dB 


76 dB 


Supply Current 



11 juA 


100 /xA 

Power Consumption 



330 jutW 


3 mW 



1-484 


























Electrical Characteristics lm425oc(o°c st a s +7o°c unless otherwise specified.) t a = tj 

Parameter 

Conditions 

V s = ± 1.5V 

>SET = 1 /*A 

ISET = 10 A 

Min 

Max 

Min 

Max 

Vos 

R s ^ 100kn,T A = 25°C 


5 mV 


6 mV 

•os 

T a = 25°C 


6nA 


20 nA 

•bias 

T a = 25°C 


10 nA 


75 nA 

Large Signal Voltage 

Gain 

R l = 100kn,T A = 25°C 

V 0 = ±0.6 V, R l = 10 kn 

25k 


25k 


Supply Current 

T a = 25°C 


8 jxA 


90 /xA 

Power Consumption 

T a = 25°C 


24 jllW 


270 fxW 

Vos 

R s £ 10 kn 


6.5 mV 


7.5 mV 

»OS 



8 nA 


25 nA 

•bias 



10 nA 


80 nA 

Input Voltage Range 


+ 0.6V 


+ 0.6V 


Large Signal Voltage 

Gain 

V 0 = ±0.5V,R l = 100 kH 
R|_= 10 kn 

25k 


25k 


Output Voltage Swing 

r l = ioo kn 
r l = io kn 

±0.6V 


±0.6V 


Common Mode Rejection Ratio 

Rs ^ io kn 

70 dB 


70 dB 


Supply Voltage Rejection Ratio 

R s <: 10 kn 

74 dB 


74 dB 


Supply Current 



8 }xA 


90 fxA 

Power Consumption 



24 jitW 


270 jaW 


Parameter 


V s — ± 15V 

Conditions 

•SET = 1 M-A 

*SET = 10 


Min 

Max 

Min 

Max 

Vos 

R s ^ 100 kn,T A = 25°C 


5 mV 


6 mV 

•os 

T a = 25°C 


6 nA 


20 nA 

'bias 

T a = 25°C 


10 nA 


75 nA 

Large Signal Voltage 

Gain 

R l = 100 kn, T a = 25°C 

v 0 = ±iov, r l = io kn 

60k 


60k 


Supply Current 

T a = 25°C 


11 jaA 


100 jllA 

Power Consumption 

T a = 25°C 


330 ju,W 


3 mW 

Vos 

Rs ^ ioo kn 


6.5 mV 


7.5 mV 

•os 



8 nA 


25 nA 

Ifaias 



10 nA 


80 nA 

Input Voltage Range 


± 13.5V 


± 13.5V 


Large Signal Voltage 

Gain 

v 0 = ±iov, r l = ioo kn 
r l = io kn 

50k 


50k 


Output Voltage Swing 

r l = 100 kn 

R L = 10 kn 

± 12V 


± 12V 


Common Mode Rejection Ratio 

Rs ^ io kn 

70 dB 


70 dB 


Supply Voltage Rejection Ratio 

Rs ^io kn 

74 dB 


74 dB 


Supply Current 



11 juA 


100 ju,A 

Power Consumption 



330 jaW 


3 mW 
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Typical Performance Characteristics 

Input Bias Current vs Iset 



Input Bias Current vs 
Temperature 
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PHASE MARGIN (DEGREES) 


Typical Performance Characteristics (Continued) 




Typical Applications (Continued) 


XI 00 Instrumentation Amplifier 10 /x W 



-1.5V 

Note 1: Quiescent P D = 10 jnW. TL/H/9300-9 

Note 2: R2, R3, R4, R5, R6 and R7 are 1 % resistors. 

Note 3: R11 and Cl are for DC and AC common mode rejection adjustments. 


Rset Connected to V~ 
v + 



TL/H/9300-10 

Transistor Current Sourcing Biasing 



*R1 limits I set maximum TL/H/9300-12 


R§et Connected to Ground 



FET Current Sourcing Biasing 



•set Equations: 

_ V + + |V~| - 0.5 where Rset is 
SET ~ Rset connected to V. 

~ V + ~ 0 5 where Rset is 
SET ~ R set connected to ground. 


Offset Null Circuit 
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<v National Semiconductor 

LM6104 

Quad Gray Scale Current Feedback Amplifier 


General Description 

The LM6104 quad amplifier meets the requirements of bat- 
tery operated liquid crystal displays by providing high speed 
while maintaining low power consumption. 

Combining this high speed with high integration, the 
LM6104 conserves valuable board space in portable sys- 
tems with a cost effective, surface mount quad package. 
Built on National’s advanced high speed VIPtm (Vertically 
Integrated PNP) process, the LM6104 current feedback ar- 
chitecture is easily compensated for speed and loading con- 
ditions. These features make the LM6104 ideal for buffering 
grey levels in liquid crystal displays. 


Features (Typical unless otherwise noted) 

■ Low power Is = 875 jutA/amplifier 

■ Slew rate 100V/ juts 

■ — 3dB bandwidth (R F = 1 kll) 30 MHz 

■ High output drive +5V into 100H 

■ Wide operating range Vs = 5V to ±12V 

■ High integration Quad surface mount 

Applications 

■ Grey level buffer for liquid crystal displays 

■ Column buffer for portable LCDs 

■ Video distribution amplifiers, video line drivers 

■ Hand-held, high speed signal conditioning 


Typical Application 


Connection Diagram 


LCD Buffer Application for Grey Levels 



INVERTING INPUT 1- 
N0N-INVERTING 
INPUT r 
V+- 

N0N-INVERTING 
INPUT 2” 
INVERTING INPUT 2- 


— INVERTING INPUT 4 
_1^_ NON-INVERTING 
1 f INPUT 4 

10_ NON-INVERTING 
INPUT 3 

——INVERTING INPUT 3 


Order Number LM6104M 
See NS Package Number M14A 
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Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 

Storage Temperature Range - 

65°C ^ Tj ^ + 1 50°C 

please contact the National 

Semiconductor Sales 

Maximum Junction Temperature 

150°C 

Office/Distributors for availability and specifications. 

ESD Rating (Note 2) 

2000V 

Supply Voltage 

24V 


Differential Input Voltage 

±6V 

Operating Ratings 


Input Voltage 

± Supply Voltage 

Supply Voltage Range 

4.75V to 24V 

Inverting Input Current 

15 mA 

Junction Temperature Range (Note 3) 


Soldering Information 


LM6104M 

-20° ^ Tj ^ +80°C 

Vapor Phase (60s) 

215°C 



Infrared (15s) 

220°C 




Electrical Characteristics 

The following specifications apply for V+ = 8V, V- = — 5V, Rl = Rf - 2 kft and 0° <. Tj £ 60°C unless otherwise noted. 


Symbol 

Parameter 

Conditions 

LM6104M 

Units 

Typical 
(Note 4) 

Limits 
(Note 5) 

Vos 

Input Offset Voltage 


10 

30 

mV max 

•b 

Inverting Input Bias Current 


5.0 

20 

ju-A max 

Non-Inverting Input Bias Current 


0.5 

2 

jaA max 

Is 

Supply Current 

V 0 = 0V 

3.5 

4.0 

mA max 

•sc 

Output Source Current 

V 0 = ov 

'lN(-) = -100 /xA 

60 

45 

mA 

min 

Output Sink Current 

V 0 = OV 
l| N (-) = 100 /xA 

60 

45 

mA 

min 

Vo 

Positive Output Swing 

l|N(— ) = “100 jaA 

6.5 

6.1 

V min 

Negative Output Swing 

l|N(— ) = 100 }xA 

-3.5 

-3.1 

V max 

PSRR 

Power Supply Rejection Ratio 

V s = ±4 to ± 10V 

70 

60 

dB min 

100 mV pp @ 100 kHz 

40 

30 

dB min 

Rt 

Transresistance 


10 

5 

Mft min 

SR 

Slew Rate 

(Note 6) 

100 

55 

V/ju,s min 

BW 

Bandwidth 

A v = -1 

R|N == Rf = 2 kfl 

7.5 

5.0 

MHz 


Amp-to-Amp Isolation 

R L = 2 kft 

F = 1 MHz 

60 


dB 

CMVR 

Common Mode Voltage Range 


V+ - 1.4V 
V- + 1.4V 


V 

CMRR 

Common Mode Rejection Ratio 


60 


dB 

ts 

Settling Time 

0.05%, 5V Step, A v = -1 

R f = R S = 2 k ft, V s = ±5V 

240 


ns 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its rated operating conditions. Operating ratings indicate conditions the device is intended to be functional, but device parameter specifications 
may not be guaranteed under the conditions. 

Note 2: Human body model 1.5 kft and 100 pF. This is a class 2 device rating. 

Note 3: Thermal resistance of the SO package is 98°C/W. When operating at T^ = 80°C, maximum power dissipation is 700 mW. 

Note 4: Typical values represent the most likely parametric norm. 

Note 5: All limits guaranteed at operating temperature extremes. 

Note 6: Ay = - 1 with Rin = Rp = 2 kft. Slew rate is calculated from the 25% to the 75% point on both rising and falling edges. Output swing is -0.6V to + 5.6V 
and 5.6V to 0.6V. 
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Applications Information 

CURRENT FEEDBACK TOPOLOGY 

The small-signal bandwidth of conventional voltage feed- 
back amplifiers is inversely proportional to the closed-loop 
gain based on the gain-bandwidth concept. In contrast, the 
current feedback amplifier topology, such as the LM6104, 
enables a signal bandwidth that is relatively independent of 
the amplifier’s gain (see typical curve Frequency Response 
vs Closed Loop Gain). 

FEEDBACK RESISTOR SELECTION: R F 

Current feedback amplifier bandwidth and slew rate are 
controlled by Rp. Rp and the amplifier’s internal compensa- 
tion capacitor set the dominant pole in the frequency re- 
sponse. The amplifier, therefore, always requires a feed- 
back resistor, even in unity gain. 


Bandwidth and slew rate are inversely proportional to the 
value of Rp (see typical curve Frequency Response vs Rp). 
This makes the amplifier especially easy to compensate for 
a desired pulse response (see typical curve Large Signal 
Pulse Response). Increased capacitive load driving capabili- 
ty is also achieved by increasing the value of Rp. 

The LM61 04 has guaranteed performance with a feedback 
resistor of 2 kft. 

CAPACITIVE FEEDBACK 

It is common to place a small lead capacitor in parallel with 
feedback resistance to compensate voltage feedback am- 
plifiers. Do not place a capacitor across Rp to limit the band- 
width of current feedback amplifiers. The dynamic imped- 
ance of capacitors in the feedback path of the LM6104, as 
with any current feedback amplifier, will cause instability. 
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National Semiconduc 


tor 


LM6118/LM6218 

Fast Settling Dual Operational Amplifiers 


General Description 

The LM6118 series are monolithic fast-settling unity-gain- 
compensated dual operational amplifiers with ±20 mA out- 
put drive capability. The PNP input stage has a typical bias 
current of 200 nA, and the operating supply voltage is ± 5V 
to ±20V. 

These dual op amps use slew enhancement with special 
mirror circuitry to achieve fast response and high gain with 
low total supply current. 

The amplifiers are built on a junction-isolated VIPtm (Verti- 
cally Integrated PNP) process which produces fast PNP’s 
that complement the standard NPN’s. 


Features 

■ Low offset voltage 

■ 0.01 % settling time 

■ Slew rate A v =?= - 1 

■ Slew rate A v = + 1 

■ Gain bandwidth 

■ Total supply current 

■ Output drives 5011 load ( ± 1 V) 

Applications 

■ D/A converters 

■ Fast integrators 

■ Active filters 


Typical 

0.2 mV 
400 ns 
140 V/jlis 
75 V//xs 
17 MHz 
5.5 mA 


Connection Diagrams and Order Information 


Ceramic Leadiess Chip Carrier (E) 



See NS Package Number E20A 


Small Outline Package (WM) 



TL/H/1 0254-3 


Order Number LM6218AWM or LM6218WM 
See NS Package Number M14B 


♦Available perSMD #5962-9156501 


Dual-In-Line Package (J or N) 



TL/H/10254-4 

Top View 

Order Number LM6118N, LM6118J/883*, 
LM6218AN or LM6218N 
See NS Package Number J08A or N08E 

Typical Applications 



A v = 10, BW = 3.2 MHz 
40 Vpp Response = 1.4 MHz 
V s = ±15V 

Wide-Band, Fast-Settling 
40 Vpp Amplifier 
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Absolute Maximum Ratings (Note n 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Total Supply Voltage 
Input Voltage 

Differential Input Current (Note 3) 
Output Current (Note 4) 

Power Dissipation (Note 5) 


42V 
(Note 2) 
±10 mA 
Internally Limited 
500 mW 


ESD Tolerance (C = 100 pF, R = 1.5 kft) ±2 kV 

Junction T emperature 1 50°C 

Storage T emperature Range - 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 300°C 

Operating Temp. Range 

LM6118 — 55°Cto +125°C 

LM6218A — 40°Cto ±85°C 

LM6218 — 40°C to + 85°C 


Electrical Characteristics ±5v ^ v s ^ ± 2 ov, v CM = ov, v 0 ut = ov, i 0 ut = oa, unless otherwise 

specified. Limits with standard type face are for Tj = 25°C, and Bold Face Type are for Temperature Extremes. 





Input Common Mode 
Rejection Ratio 


Positive Power Supply 
Rejection Ratio 

Negative Power Supply 
Rejection Ratio 


Large Signal 
Voltage Gain 


Vo Output Voltage 
Swing 


Total Supply Current 


Output Current Limit 
Slew Rate, Av = - 1 


Slew Rate, Av = + 1 


Gain-Bandwidth Product 


0.01 % Settling Time 
Ay = -1 

Input Capacitance 


V s = ± 15V, Pulsed 

V s = ±15V,V 0Ut = ±10V 
R s = Rf = 2k, C f = 10 pF 


V s = ±15V,V 0Ut = ±10V 
R s = Rf = 2k, C f = 10 pF 


AV ou t = 10V, V s = ± 15V, 
R S ~ R f = 2k, C f = 10 pF 

Inverter 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its rated operating conditions. 

Note 2: Input voltage range is (V+ - IV) to (V - ). 

Note 3: The inputs are shunted with three series-connected diodes back-to-back for input differential clamping. Therefore differential input voltages greater than 
about 1.8V will cause excessive current to flow unless limited to less than 10 mA. 

Note 4: Current limiting protects the output from a short to ground or any voltage less than the supplies. With a continuous overload, the package dissipation must 
be taken into account and heat sinking provided when necessary. 

Note 5: Devices must be derated using a thermal resistance of 90°C/W for the N, J and WM packages. 

Note 6: Limits are guaranteed by testing or correlation. 

Note 7: A military RETS specification is available on request. At the time of printing, LM61 18J/883 and LM61 18E/883 RETS spec complied with the Boldface 
limits in this column. 
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PHASE MARGIN (degrees) 









Typical Performance Characteristics (Continued) 
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TEMPERATURE (°C) 


± SUPPLY VOLTAGE (V) 


TEMPERATURE (°C) 


Inverter Settling Time 



100 200 300 500 1000 

SETTLING TIME (ns) 


Follower Settling Time 



100 200 300 500 1000 


SETTLING TIME (ns) 



1 2 3 5 10 20 50 100 


CLOSED LOOP GAIN 


TL/H/ 10254-6 



TL/H/ 10254-7 
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Typical Performance Characteristics (Continued) 


Step Response, Av = + 1, Vs = ± 15V 



TL/H/1 0254-8 

Application Information 

General 

The LM6118 series are high-speed, fast-settling dual op- 
amps. To insure maximum performance, circuit board layout 
is very important. Minimizing stray capacitance at the inputs 
and reducing coupling between the amplifier’s input and 
output will minimize problems. 

Supply Bypassing 

To assure stability, it is recommended that each power sup- 
ply pin be bypassed with a 0.1 jutF low inductance capacitor 
near the device. If high frequency spikes from digital circuits 
or switching supplies are present, additional filtering is rec- 
ommended. To prevent these spikes from appearing at the 
output, R-C filtering of the supplies near the device may be 
necessary. 

Power Dissipation 

These amplifiers are specified to 20 mA output current. If 
accompanied with high supply voltages, relatively high pow- 
er dissipation in the device will occur, resulting in high junc- 
tion temperatures. In these cases the package thermal re- 
sistance must be taken into consideration. (See Note 5 un- 
der Electrical Characteristics.) For high dissipation, an N 
package with large areas of copper on the pc board is rec- 
ommended. 

Amplifier Shut Down 

If one of the amplifiers is not used, it can be shut down by 
connecting both the inverting and non-inverting inputs to the 
V" pin. This will reduce the power supply current by approx- 
imately 25%. 

Capacitive Loading 

Maximum capacitive loading is about 50 pF for a closed- 
loop gain of +1, before the amplifier exhibits excessive 
ringing and becomes unstable. A curve showing maximum 
capacitive loads, with different closed-loop gains, is shown 
in the Typical Performance Characteristics section. 

To drive larger capacitive loads at low closed-loop gains, 
isolate the amplifier output from the capacitive load with 
50ft. Connect a small capacitor directly from the amplifier 
output to the inverting input. The feedback loop is closed 
from the isolated output with a series resistor to the invert- 
ing input. 


Step Response, Av = - 1, Vs = ± 15V 



TIME (100 ns/div) 

TL/H/1 0254-9 

Voltage Follower 

R1 



For C L = 1000 pF, Small signal BW = 5 MHz 
20 V p _p BW = 500 kHz 

Inverter 


R3 R1 



Settling time to 0.01%, 10V Step 

For Cl = 1000 pF, settling time ~ 1500 ns 
For Cl = 300 pF, settling time ~ 500 ns 


Integrator 
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Application Information (Continued) 

Examples of unity gain connections for a voltage follower, 
Inverter, and integrator driving capacitive loads up to 
1000 pF are shown here. Different R1-C1 time constants 
and capacitive loads will have an effect on settling times. 

Input Bias Current Compensation 

Input bias current of the first op amp can be reduced or 
balanced out by the second op amp. Both amplifiers are laid 
out in mirror image fashion and in close proximity to each 
other, thus both input bias currents will be nearly identical 


and will track with temperature. With both op amp inputs at 
the same potential, a second op amp can be used to con- 
vert bias current to voltage, and then back to current feed- 
ing the first op amp using large value resistors to reduce the 
bias current to the level of the offset current. 

Examples are shown here for an inverting application, (a) 
where the inputs are at ground potential, and a second cir- 
cuit (b) for compensating bias currents for both inputs. 


Bias Current Compensation 




(b) Compensation to Both Inputs 


(a) Inverting Input Bias Compensation 
for Integrator Application 


Amplifier/Parallel Buffer 


R 1 



TL/H/10254-15 


Ay ^ +5, louT ^ 80 mA 

V s = ±15 V,C l £ 0.01 fiF 

Large and small signal B.W. = 1.3 MHz (THD = 3%) 
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Application Information (Continued) 


Constant-Voltage Crossover Network With 12 dB/Octave Slope 

R R 

24k 24k 



Bilateral Current Source 


Instrumentation Amplifier 


R4 



0 . 1 % 

TL/H/10254-17 


V S = ±15V, -10 ^ V| N <S 10V 

Iout _ R4 _ 1 mA 

"\/|N R2 R6 _ IV 

Output dynamic range = 10V - R6 |IoutI 

Rj_ = 500ft, small signal BW = 6 MHz 

Large signal response = 800 kHz 

Rp 4- R4 

CouteqUiV - = 2rr f Q R2 R6 = 32pF(f0 = 15MHZ) 

Coaxial Cable Driver 


Cl 

lOpF 



R1 R2 R3 R4 

10k Ik Ik 10k 



TL/H/10254-18 

A v = 10, V s = ± 1 5V, All resistors 0.01 % 

Small signal and large signal (20 Vp.p) B.W. ~ 800 kHz 


150 MHz Gain-Bandwidth Amplifier 

R3 R5 

2k 2k 



A v = 100, V s - ±15V, 

Small signal BW s 1.5 MHz 
Large signal BW (20 V p . p ) ~ 800 kH? 
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National Semiconductor 


ADVANCE INFORMATION 


LM6132 Dual and LM6134 Quad High Speed/Low Power 7 
MHz Rail-to-Rail I/O Operational Amplifiers 


General Description 

Using patent pending circuit topologies, the LM61 32/34 
provides new levels of speed vs. power performance in ap- 
plications wherd low voltage supplies or power limitations 
previously made compromise necessary. With only 550 
jaA/amp supply current, the 7 MHz bandwidth of this device 
supports new portable applications where higher power de- 
vices unacceptably drain battery life. 

In addition, the LM61 32/34 can be driven by voltages that 
exceed both power supply rails, thus eliminating concerns 
over exceeding the common-mode voltage range. The rail- 
to-rail output swing capability provides the maximum possi- 
ble dynamic range at the output. This is particularly impor- 
tant when operating on low supply voltages. The 
LM61 32/34 can also drive large capacitive loads without 
oscillating. 

Operating on supplies of 1.8 to over 24 volts, the 
LM61 32/34 is excellent for a very wide range of applica- 
tions, from battery operated systems with large bandwidth 
requirements to high speed instrumentation. 


Features (For 5V Supply) 

■ Rail-to-rail input CMVR -0.25V to 5.25V (Max/Min) 

■ Rail-to-rail output swing 0.01V to 4.99V (Max/Min) 

■ Wide gain-bandwidth at 50 KHz 7 MHz (Typ) 

■ Slew rate 12 V/jus (Typ) 

■ Low supply current 550 jaA/amp (Typ) 

■ Wide supply range 1 .8V to 24V 

■ CMRR 107 dB (Typ) 

■ Gain 108 dB (Typ) with R|_ = 10K 

■ PSRR 87 dB (Typ) 

Applications 

■ Battery operated instrumentation 

■ 5V instrumentation 

■ Portable scanners 

■ Wireless communications 


Connection Diagrams 


8-Pin DIP/SO 



TL/H/1 2349-1 

Top View 


14-Pin DIP/SO 



Ordering Information 


Package 

Temperature Range 


Industrial 

— 40°C to +85°C 

NSC 

Drawing 

8-Pin Molded DIP 

LM6132AIN, LM6132BIN 

N08E 

8-Pin Small Outline 

LM6132AIM, LM6132BIM 

M08A 

14-Pin Molded DIP 

LM6134AIN, LM6134BIN 

N14A 

14^Pin Small Outline 

LM6134AIM, LM6134BIM 

M14A 


I 


r 
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National Semiconductor 


LM6142 Dual and LM6144 Quad 

High Speed/Low Power 17 MHz Rail-to-Rail 

Input-Output Operational Amplifiers 


General Description 

Using patent pending new circuit topologies, the 
LM61 42/44 provides new levels of performance in applica- 
tions where low voltage supplies or power limitations previ- 
ously made compromise necessary. Operating on supplies 
of 1.8V to over 24V, the LM61 42/44 is an excellent choice 
for battery operated systems, portable instrumentation and 
others. 

The greater than rail-to-rail input voltage range eliminates 
concern over exceeding the common-mode voltage range. 
The rail-to-rail output swing provides the maximum possible 
dynamic range at the output. This is particularly important 
when operating on low supply voltages. 

High gain-bandwidth with 650 julA/ Amplifier supply current 
opens new battery powered applications where previous 
higher power consumption reduced battery life to unaccept- 
able levels. The ability to drive large capacitive loads with- 
out oscillating functionally removes this common problem. 


Features At Vs = 5V. Typ unless noted. 

■ Rail-to-rail input CMVR -0.25V to 5.25V 

■ Rail-to-rail output swing 0.005V to 4.995V 

■ Wide gain-bandwidth: 17 MHz at 50 kHz (typ) 

■ Slew rate: 

Small signal, 5V/jns 
Large signal, 30V/jus 

■ Low supply current 650 ju,A/ Amplifier 

■ Wide supply range 1 .8V to 24V 

■ CMRR 107 dB 

■ Gain 108 dB with R|_ = 10k 

■ PSRR 87 dB 

Applications 

■ Battery operated instrumentation 

■ Depth sounders/fish finders 

■ Barcode scanners 

■ Wireless communications 

■ Rail-to-rail in-out instrumentation amps 


Connection Diagrams 


8-Pin DIP/SO 


14-Pin DIP/SO 



Top View 



Top View 



Top View 


Ordering Information 



Temperature Range 

Temperature Range 

ucr 

Package 

Industrial 

— 40°C to +85°C 

Military 

— 55°C to +125°C 

nov 

Drawing 

8-Pin Molded DIP 

LM6142AIN, LM6142BIN 


N08E 

8-Pin Small Outline 

LM6142AIM, LM6142BIM 


M08A 

14-Pin Molded DIP 

LM6144AIN, LM6144BIN 


N14A 

14-Pin Small Outline 

LM6144AIM, LM6144BIM 

< • 

M14A 

8-Pin CDIP 


LM6142AMJ/883 

D08C 
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Absolute Maximum Ratings (Note d 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

ESD Tolerance (Note 2) 

Differential Input Voltage 
Voltage at Input/Output Pin (V 
Supply Voltage (V + -V") 

Current at Input Pin 
Current at Output Pin (Note 3) 

Current at Power Supply Pin 
Lead Temperature (soldering, 10 sec) 

Storage Temp. Range 
Junction Temperature (Note 4) 


2500V 

15V 

+ ) + 0.3V, (V - ) - 0.3V 
35V 
±10 mA 
±25 mA 
50 mA 
260° C 
65°C to + 1 50°C 
150°C 


Operating Ratings (Note i) 

Supply Voltage 1.8V s; V + s: 24V 

Junction Temperature Range 
LM6142, LM6144 -40°C <; T j ^ +85°C 

Thermal Resistance (0 ja) 

N Package, 8-Pin Molded DIP 1 1 5°C/W 

M Package, 8-Pin Surface Mount 1 93°C/W 

N Package, 14-Pin Molded DIP 81°C/W 

M Package, 1 4-Pin Surface Mount 1 26°C/W 


5.0V DC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C, V + = 5.0V, V = 0V, Vqm = Vo = V + /2 and Rl > 1 Mfi to 
V + 12. Boldface limits apply at the temperature extremes. 






LM6144AI 

LM6144BI 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LM6142AI 

Limit 

LM6142BI 

Limit 

Units 





(Note 6) 

(Note 6) 



Input Offset Voltage 


0.3 

1.0 

2.5 

mV 




I 

2.2 

3.3 

max 

TCVos 

Input Offset Voltage 
Average Drift 


3 



ju,V/°C 

•b 

Input Bias Current 


170 

250 

300 

nA 

max 



0V <; V C M ^ 5V 

180 

280 






526 

526 


•os 

Input Offset Current 


3 

30 

30 

nA 






80 

80 

max 

Rin 

Input Resistance, Cm 


126 



MH 

CMRR 

Common Mode 

0V ^ V C M ^ 4V 

107 

84 

84 



Rejection Ratio 



78 

78 




0 V ^ V C M ^ 5V 

82 

66 

66 

dB 




79 

64 

64 

min 


Power Supply 

5V ^ V+ ^ 24V 

87 

80 

80 



Rejection Ratio 



78 

78 


VcM 

Input Common-Mode 


-0.25 

O 

O 

V 


Voltage Range 


5.25 

5.0 

5.0 

A V 

Large Signal 

o 

II 

_i 

tr 

270 

100 

80 

V/mV 


Voltage Gain 


70 

33 

25 

min 


Output Swing 

R l = 100k 

0.005 

0.01 

0.01 

V 





0.013 

0.013 

max 




4.995 

4.98 

4.98 

V 





4.93 

4.93 

min 



R l = 10k 

0.02 



V max 




4.97 



V min 



j* 

CM 

II 

— 1 
cc 

0.06 

0.1 

0.1 

V 





0.133 

0.133 

max 




4.90 

4.86 

4.86 

V 





4.80 

4.80 

min 



I 
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5.0V DC Electrical Characteristics 

Unless Otherwise Specified, All Limits Guaranteed for Tj = 25“C, V + = 5.0V, V = 0V, Vqm = Vo = V + /2 and Rl > 1 Mft 
to V+/2. Boldface limits apply at the temperature extremes. (Continued) 






LM6144AI 

LM6144BI 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LM6142AI 

Limit 

LM6142BI 

Limit 

Units 





(Note 6) 

(Note 6) 


•sc 

Output Short 

Sourcing 

13 

10 

8 

mA 


Circuit Current 



4.9 

4 

min 


LM6142 



35 

35 

mA 

max 



Sinking 

24 

10 

10 

mA 





5.3 

5.3 

min 





35 

35 

mA 

max 

•sc 

Output Short 

Sourcing 

8 

6 

6 

mA 


Circuit Current 



3 

3 

min 


LM6144 



35 

35 

mA 

max 



Sinking 

22 

8 

8 

mA 





4 

4 

min 





35 

35 

mA 

max 

Is 

Supply Current 

Per Amplifier 

650 

800 

800 

jutA 





880 

880 

max 


5.0V AC Electrical Characteristics 

Unless Otherwise Specified, All Limits Guaranteed for Tj = 25°C, V + = 5.0V, V = 0V, Vcm = Vo = V + /2 and Rl > 1 Mfl 
to Vg/2. Boldface limits apply at the temperature extremes. 






LM6144AI 

LM6144BI 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LM6142AI 

Limit 

LM6142BI 

Limit 

Units 





(Note 6) 

(Note 6) 


SR 

Slew Rate 

8V p .p@Vcc12V 

25 

15 

13 

V/ juts 



Rs > i kn 


13 

11 

min 

GBW 

Gain-Bandwidth Product 

f = 50 kHz 

17 

10 

10 

MHz 





6 

6 

min 


Phase Margin 


38 



Deg 


Amp-to-Amp Isolation 


130 



dB 

e n 

Input-Referred 

f = 1 kHz 

16 



nV 


Voltage Noise 




/Hz 

■n 

Input-Referred 

Current Noise 

f = 1 kHz 

0.22 



pA 

/Hz' 

T.H.D. 

Total Harmonic Distortion 

f = 10 kHz, R l = 10kft, 

0.003 


J 

% 
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2.7V DC Electrical Characteristics 

Unless Otherwise Specified, All Limits Guaranteed for Tj = 25°C, V + = 2.7V, V = 0V, Vqm = Vo = V + /2 and R|_ > 1 MO 
to V+/2. Boldface limits apply at the temperature extreme 

Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LM6144AI 

LM6142AI 

Limit 
(Note 6) 

LM6144BI 

LM6142BI 

Limit 
(Note 6) 

Units 

Vos 

Input Offset Voltage 


0.4 

1.8 

4.3 

2.5 

4.3 

mV 

max 

•b 

Input Bias Current 


150 

250 

526 

300 

526 

nA 

max 

•os 

Input Offset Current 


4 

30 

80 

30 

80 

nA 

max 

r in 

Input Resistance 


128 



Ma 

CMRR 

Common Mode 
Rejection Ratio 

ov<; v CM <; i ,8V 

90 



dB 

min 

0V <; V CM ^ 2.7V 

76 



PSRR 

Power Supply 

Rejection Ratio 

3V ^ v + <; 5V 

79 



VcM 

Input Common-Mode 
Voltage Range 


-0.25 

0 

0 

V min 


2.95 

2.7 

2.7 

V max 

A V 

Large Signal 

Voltage Gain 

R L = 10k 

55 



V/mV 

min 

v 0 

Output Swing 

r l = io kn 

0.019 

0.08 

0.112 

0.08 

0.112 

V 

max 

2.67 

2.66 

2.25 

2.66 

2.25 

V 

min 

•s 

Supply Current 

Per Amplifier 

510 

800 

880 

800 

880 

jaA 

max 

2.7V AC Electrical Characteristics 

Unless Otherwise Specified, All Limits Guaranteed for Tj = 25°C, V + = 2.7V, V = 0V, Vqm = Vo = V + /2 and Rl > 1 MO 
to V+/2. Boldface limits apply at the temperature extreme 

Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LM6144AI 

LM6142AI 

Limit 
(Note 6) 

LM6144BI 

LM6142BI 

Limit 
(Note 6) 

Units 

GBW 

Gain-Bandwidth Product 

f = 50 kHz 

9 



MHz 


Phase Margin 


36 



Deg 


Gain Margin 


6 



dB 
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24V Electrical Characteristics 

Unless Otherwise Specified, All Limits Guaranteed for Tj = 25°C, V + = 24V, V = OV, Vqm = Vq = V + /2 and Rl > 1 MU 
to Vs/2. Boldface limits apply at the temperature extreme 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LM6144AI 

LM6142AI 
Limit 
(Note 6) 

LM6144BI 

LM6142BI 

Limit 
(Note 6) 

Units 

Vos 

Input Offset Voltage 


1.3 

2 

4.8 

3.8 

4.8 

mV 

max 

•b 

Input Bias Current 


174 



nA 

max 

los 

Input Offset Current 


5 





Input Resistance 


288 



Mft 


Common Mode 

Rejection Ratio 

0V £ Vqm <; 23V 

114 



dB 

min 

0V £ V CM ^ 24V 

100 



PSRR 

Power Supply 

Rejection Ratio 

0V ^ V CM ^ 24V 

87 



VcM 

Input Common-Mode 
Voltage Range 


-0.25 

0 

0 


24.25 

24 

24 

V max 

A V 

Large Signal 

Voltage Gain 

R L = 10k 

500 




v 0 

Output Swing 

r l = io kn 

0.07 



V 

max 

23.85 

23.81 

23.62 

23.81 

23.62 

V 

min 

■s 

Supply Current 

Per Amplifier 

750 

1100 

1150 




Gain-Bandwidth Product 

f = 50 kHz 

18 



MHz 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Charactenstics. 
Note 2: Human body model, 1.5 kft in series with 100 pF. 

Note 3: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 1 50°C. 

Note 4: The maximum power dissipation is a function of Tj(max). 0ja> and t a- The maximum allowable power dissipation at any ambient temperature is Pp = 
(Tj(max) - Ta)/0ja- All numbers apply for packages soldered directly into a PC board. 

Note 5: Typical values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: For guaranteed military specifications see military datasheet MNLM6142AM-X. 
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INPUT VOLTAGE (/ iV ) BIAS CURRENT ( nA ) OFFSET VOLTAGE (mV) SUPPLY CURRENT (mA) PER AMPLIFIER 


Typical Performance Characteristics Ta = 25°C, Rl = 10 kH Unless Otherwise Specified 


Supply Current vs 
Supply Voltage 



0 4 8 12 16 20 24 28 32 36 

SUPPLY VOLTAGE (V) 


Offset Voltage vs Vqm 



COMMON MODE VOLTAGE (V) 


Bias Current vs Vqm 
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OUTPUT VOLTAGE (V) 


Offset Voltage vs 
Supply Voltage 



0 4 8 12 16 20 24 28 32 36 


SUPPLY VOLTAGE (V) 


Offset Voltage vs V C m 



COMMON MODE VOLTAGE (V) 


Bias Current vs Vqm 



- 3 - 2-10 1 2 3 

COMMON MODE VOLTAGE (V) 


Open-Loop Transfer 
Function 
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OUTPUT VOLTAGE (V) 


Bias Current vs 
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SUPPLY VOLTAGE (V) 


Offset Voltage vs Vqm 
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Bias Current vs Vqm 
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COMMON MODE VOLTAGE (V) 


Open-Loop Transfer 
Function 



0 123456789 10 


OUTPUT VOLTAGE (V) 

TL/H/1 2057-3 
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Typical Performance Characteristics 

Ta = 25°C, R[_ = 10 kft Unless Otherwise Specified (Continued) 


Output Voltage vs 
Source Current 



Output Voltage vs 
Source Current 


Output Voltage vs 
Source Current 
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OUTPUT SWING FROM V+ (mV) 


OUTPUT SWING FROM V+ (mV) 


OUTPUT SWING FROM V+ (mV) 


Output Voltage vs 
Sink Current 



1 10 100 1000 10000 
OUTPUT SWING FROM V- (mV) 


Gain and Phase vs Load 


Output Voltage vs 
Sink Current 
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Gain and Phase vs Load 
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Output Voltage vs 
Sink Current 
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OUTPUT SWING FROM V- (mV) 

TL/H/1 2057-4 

Distortion + Noise 
vs Frequency 
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LM6 142/44 Application Ideas 

The LM6142 brings a new level of ease of use to opamp 
system design. 

With greater than raiLto-rail input voltage range concern 
over exceeding the common-mode voltage range is elimi- 
nated. 

Rail-to-rail output swing provides the maximum possible dy- 
namic range at the , output. This is particularly important 
when operating on low supply voltages. 

The high gain-bandwidth with low supply current opens new 
battery powered applications, where high power consump- 
tion, previously reduced battery life to unacceptable levels. 
To take advantage of these features, some ideas should be 
kept in mind. 

ENHANCED SLEW RATE 

Unlike most bipolar opamps, the unique phase reversal pre- 
vention/speed-up circuit in the input stage causes the slew 
rate to be very much a function of the input signal amplitude. 
Figure 1 shows how excess input signal, is routed around 
the input collector-base junctions, directly to the current mir- 
rors. 

The LM61 42/44 input stage converts the input voltage 
change to a current change. This current change drives the 
current mirrors through the collectors of Q1-Q2, Q3-Q4 
when the input levels are normal. 

If the input signal exceeds the slew rate of the input stage, 
the differential input voltage rises above two diode drops. 
This excess signal bypasses the normal input transistors, 
(Q1-Q4), and is routed in correct phase through the two 
additional transistors, (Q5, Q6), directly into the current mir- 
rors. 

This rerouting of excess signal allows the slew-rate to in- 
crease by a factor of 1 0 to 1 or more. (See Figure 2.) 

As the overdrive increases, the opamp reacts better than a 
conventional opamp. Large fast pulses will raise the slew- 
rate to around 30V to 60V/ juts. 


Slew Rate vs A V|n 



0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 
DIFFERENTIAL INPUT VOLTAGE, (V) 

TL/H/1 2057-7 

FIGURE 2 

This effect is most noticeable at higher supply voltages and 
lower gains where incoming signals are likely to be large. 
This new input circuit also eliminates the phase reversal 
seen in many opamps when they are overdriven. 

This speed-up action adds stability to the system when driv- 
ing large capacitive loads. 

DRIVING CAPACITIVE LOADS 

Capacitive loads decrease the phase margin of all opamps. 
This is caused by the output resistance of the amplifier and 
the load capacitance forming an R-C phase lag network. 
This can lead to overshoot, ringing and oscillation. Slew rate 
limiting can also cause additional lag. Most opamps with a 
fixed maximum slew-rate will lag further and further behind 
when driving capacitive loads even though the differential 
input voltage raises. With the LM6142, the lag causes the 
slew rate to raise. The increased slew-rate keeps the output 
following the input much better. This effectively reduces 
phase lag. After the output has caught up with the input, the 
differential input voltage drops down and the amplifier set- 
tles rapidly. 
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LM6142/44 Application Ideas 

(Continued) 

These features allow the LM61 42 to drive capacitive loads 
as large as 1000 pF at unity gain and not oscillate. The 
scope photos {Figure 3a and 3b) above show the LM6142 
driving a 1000 pF load. In Figure 3a, the upper trace is with 
no capacitive load and the lower trace is with a 1000 pF 
load. Here we are operating on ±12V supplies with a 20 
Vp-p pulse. Excellent response is obtained with a Cf of 
10 pF. In Figure 3b, the supplies have been reduced to 
± 2.5V, the pulse is 4 Vp-p and Cf is 39 pF. The best value 
for the compensation capacitor is best established after the 
board layout is finished because the value is dependent on 
board stray capacity, the value of the feedback resistor, the 
closed loop gain and, to some extent, the supply voltage. 
Another effect that is common to all opamps is the phase 
shift caused by the feedback resistor and the input capaci- 
tance. This phase shift also reduces phase margin. This ef- 
fect is taken care of at the same time as the effect of the 
capacitive load when the capacitor is placed across the 
feedback resistor. 

The circuit shown in Figure 4 was used for these scope 
photos. 



TL/H/1 2057-8 

FIGURE 3a 



TL/H/1 2057-9 

FIGURE 3b 


Cf 


TL/H/1 2057-10 

FIGURE 4 

Typical Applications 

FISH FINDER/ DEPTH SOUNDER. 

The LM61 42/44 is an excellent choice for battery operated 
fish finders. The low supply current, high gain-bandwidth 
and full rail to rail output swing of the LM6142 provides an 
ideal combination for use in this and similar applications. 

ANALOG TO DIGITAL CONVERTER BUFFER 

The high capacitive load driving ability, rail-to-rail input and 
output range with the excellent CMR of 82 dB, make the 
LM61 42/44 a good choice for buffering the inputs of A to D 
converters. 

3 OPAMP INSTRUMENTATION AMP WITH RAIL-TO- 
RAIL INPUT AND OUTPUT 

Using the LM6144, a 3 opamp instrumentation amplifier with 
rail-to-rail inputs and rail to rail output can be made. These 
features make these instrumentation amplifiers ideal for sin- 
gle supply systems. 

Some manufacturers use a precision voltage divider array of 
5 resistors to divide the common-mode voltage to get an 
input range of rail-to-rail or greater. The problem with this 
method is that it also divides the signal, so to even get unity 
gain, the amplifier must be run at high closed loop gains. 
This raises the noise and drift by the internal gain factor and 
lowers the input impedance. Any mismatch in these preci- 
sion resistors reduces the CMR as well. Using the LM61 44, 
all of these problems are eliminated. 

In this example, amplifiers A and B act as buffers to the 
differential stage (Figure 5). These buffers assure that the 
input impedance is over 100 Mfl and they eliminate the 
requirement for precision matched resistors in the input 
stage. They also assure that the difference amp is driven 
from a voltage source. This is necessary to maintain the 
CMR set by the matching of R1-R2 with R3-R4. 



TL/H/1 2057- 13 

FIGURE 5 



i 
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The gain is set by the ratio of R2/R1 and R3 should equal 
R1 and R4 equal R2. Making R4 slightly smaller than R2 
and adding a trim pot equal to twice the difference between 
R2 and R4 will allow the CMR to be adjusted for optimum. 
With both rail to rail input and output ranges, the inputs and 
outputs are only limited by the supply voltages. Remember 
that even with rail^to-rail output, the output can not swing 


past the supplies so the combined common mode voltage 
plus the signal should not be greater than the supplies or 
limiting will occur. 

SPICE MACROMODEL 

A SPICE macromodel of this and many other National Semi- 
conductor opamps is available at no charge from the NSC 
Customer Response Group at 800-272-9959. 


1-514 




National Semiconductor 


PRELIMINARY 


LM6152 Dual and LM6154 Quad 

High Speed/Low Power 

45 MHz Rail-to-Rail I/O Operational Amplifiers 


General Description 

Using patent pending circuit topologies, the LM61 52/54 
provides new levels of speed vs power performance in ap- 
plications where low voltage supplies or power limitations 
made compromise necessary. With only 1 .5 mA/amp sup- 
ply current, the 45 MHz bandwidth of this device supports 
new portable applications where higher power devices un- 
acceptably drain battery life. 

In addition, the LM61 52/54 can be driven by voltages that 
exceed both power supply rails, thus eliminating concerns 
over exceeding the common-mode voltage range. The rail- 
to-rail output swing capability provides the maximum possi- 
ble dynamic range at the output. This is particularly impor- 
tant when operating on low supply voltages. The 
LM61 52/54 can also drive capacitive loads without oscillat- 
ing. 

Operating on supplies of 1.8V to over 24V, the LM61 52/54 
is excellent for a very wide range of applications, from bat- 
tery operated systems with large bandwidth requirements to 
high speed instrumentation. 


Features (For 5V Supply) 


■ Rail-to-rail input CMVR 

■ Rail-to-rail output swing 

■ Wide gain-bandwidth: 

■ Slew rate 

■ Low supply current 

■ Wide supply range 

■ Fast settling time: 

— Gain 

■ PSRR 


-0.25V to 5.25V (max/min) 
0.01V to 4.99V (max/min) 
45 MHz (typ) @ 50 kHz 
30 V/jus (typ) 
1 .5/Amp (typ) 
1.8V to 24V 

108 dB (typ) with R|_ = 10k 
87 dB (typ) 


Applications 

■ Portable high speed instrumentation 

■ 5V signal conditioning amplifiers/ADC buffers 

■ Bar code scanners 

■ Wireless communications 


Connection Diagrams 

8-Pin DIP/SO 

v + 

OUT B 

-IN B 

+IN B 

TL/H/1 2350-1 

Top View 



14-Pin DIP/SO 



Top View 


TL/H/1 2350-2 


Ordering Information 



Temperature Range 

NSC 

Drawing 

Package 

Industrial 

— 40°C to +85°C 

8-Pin Molded DIP 

LM6142AIN, LM6142BIN 

N08E 

8-Pin Small Outline 

LM6142AIM, LM6142BIM 

M08A 

14-Pin Molded DIP 

LM6144AIN, LM6144BIN 

N14A 

1 4-Pin Small Outline 

LM6144AIM, LM6144BIM 

M14A 
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tv National Semiconductor 

LM6161/LM626 1 /LM636 1 
High Speed Operational Amplifier 


General Description 

The LM61 61 family of high-speed amplifiers exhibits an ex- 
cellent speed-power product in delivering 300 V/jus and 
50 MHz unity gain stability with only 5 mA of supply current. 
Further power savings and application convenience are 
possible by taking advantage of the wide dynamic range in 
operating supply voltage which extends all the way down to 
+ 5V. 

These amplifiers are built with National’s VIPtm (Vertically 
Integrated PNP) process which provides fast PNP transis- 
tors that are true complements to the already fast NPN de- 
vices. This advanced junction-isolated process delivers high 
speed performance without the need for complex and ex- 
pensive dielectric isolation. 


Features 

■ High slew rate 

■ High unity gain freq 

■ Low supply current 

■ Fast settling 

■ Low differential gain 

■ Low differential phase 

■ Wide supply range 

■ Stable with unlimited capacitive load 

■ Well behaved; easy to apply 

Applications 

■ Video amplifier 

■ High-frequency filter 

■ Wide-bandwidth signal conditioning 

■ Radar 

■ Sonar 


300 V/juts 
50 MHz 
5 mA 
120 ns to 0.1% 
<0.1% 
0.1° 

4.75V to 32V 


Connection Diagrams 


10-Lead Flatpak 


v 0s ADJUST 
I MV INPUT 
N0N-INV INPUT 



TL/H/9057-13 

See NS Package Number W10A 


Temperature Range 


20-Lead LCC 



Adjust V+ V 0UT n/C 

sl 7 1 el 5 1 



TL/H/9057-14 

See NS Package Number E20A 


Military 

— 55°C <; T a ^ +125°C 

Industrial 

— 25°C ^ T A ^ +85°C 

Commercial 

0°C ^ T A £ +70°C 

Package 

NSC 

Drawing 


LM6261N 

LM6361N 

8-Pin 

Molded DIP 

N08E 

LM6161 J/883 

5962-89621 01 PA 


LM6361J 

8-Pin 

Ceramic DIP 

J08A 


LM6261M 

LM6361M 

8-Pin Molded 
Surface Mt. 

M08A 

LM61 61 E/883 
5962-89621 01 2A 



20-Lead 

LCC 

E20A 

LM6161 W/883 
5962-89621 01 HA 



10-Pin 

Ceramic Flatpak 

W10A 


,| 2| 3| 4| 

V os INV Nl V- 
Adjust input input 

TL/H/9057-5 

See NS Package Number J08A, 
N08E or M08A 
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Absolute Maximum Ratings (Note 12 ) 

If Military/ Aerospace specified devices are required, 

please contact the National Semiconductor Sales 

Office/Distributors for availability and specifications. 

Supply Voltage (V+ - V~) 36V 

Differential Input Voltage (Note 8) ± 8V 

Common-Mode Voltage Range 
(Note 10) (V+ - 0.7V) to (V~ - 7V) 

Output Short Circuit to GND (Note 1 ) Continuous 

Soldering Information 
Dual-In-Line Package (N, J) 

Soldering (1 0 sec.) 260°C 

Small Outline Package (M) 

Vapor Phase (60 sec.) 21 5°C 

Infrared (15 sec.) 220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

Storage T emp Range - 65°C to + 1 50°C 

Max Junction T emperature 1 50°C 

ESD T olerance (Notes 6 and 7) ± 700V 


Operating Ratings (Note 12) 

Temperature Range (Note 2) 

LM6161 — 55 c 

LM6261 -2! 

LM6361 ( 

Supply Voltage Range 


-55°C <: Tj £ + 1 25°C 
— 25°C <; Tj £ +85°C 
0°C £ Tj ^ +70°C 
4.75V to 32V 


DC Electrical Characteristics 

The following specifications apply for Supply Voltage = ± 15V, Vqm = 0, Rl 
Boldface limits apply for Tj = T^in to TmaxI a 11 other limits Tj = 25°C. 


^ 1 00 kft and Rs = 50fl unless otherwise noted. 


Symbol 


Input Offset Voltage 

Input Offset Voltage 
Average Drift 

Input Bias Current 
Input Offset Current 


Conditions 


LM6161 

LM6261 

LM6361 


Limit 

Limit 

Limit 

Units 

(Notes 3, 11) 

(Note 3) 

(Note 3) 


7 

7 

20 

mV 

10 

9 

22 

Max 



LM6161/LM6261/LM6361 
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DC Electrical Characteristics (continued) 

Jhe following specifications apply for Supply Voltage = ± 15V, Vcm = 0, R|_ ^ 100 kft and Rs = 50ft unless otherwise noted. 
Boldface limits apply for Tj = Tmin tQ Tmax; all other limits Tj = 25°C. 

Symbol 

Parameter 

Conditions 


LM6161 

LM6261 

| LM6361 


Typ 


II'R'II 


Units 

Vq (Continued) 

Output Voltage 

Swing (Continued) 

Supply = + 5V 
and R|_ = 2 kft 

D 

IfsHB 


K9 

Volts 

Min 

(Note 4) 

1.3 

1.7 

2.0 

wm 

1.8 

1.9 

Volts 

Max 



Source 

65 

30 

20 


— 

HH 

Sink 

65 

30 

20 

■9 

1 

BIB 

•s 

Supply Current 


5.0 

6.5 

6.8 


BIB 

IBB 

AC Electrical Characteristics 

The following specifications apply for Supply Voltage = ± 1 5V, Vcm = 0, R|_ ^ 100 kft and Rs = 50ft unless otherwise noted. 
Boldface limits apply for Tj = Tmin to Tmax; all other limits Tj = 25°C. 

Symbol 

Parameter 

Conditions 

Typ 

LM6161 

LM6261 

LM6361 

Units 

Limit 

(Notes 3, 11) 


Limit 
(Note 3) 

GBW 

Gain-Bandwidth 

Product 



40 

30 

— 


MHz 

Min 

Supply = ± 5V 





MHz 

SR 

Slew Rate 

Ay = + 1 (Note 8) 

Jj 

200 

180 

200 

180 

200 

180 

V/ju,s 

Min 

Supply = ± 5V (Note 8) 

WEEM 

l■flB■i 



V/jxs 

PBW 

Power Bandwidth 

VoUT = 20 Vpp 

4.5 




MHz 

ts 

Settling Time 

10V Step to 0.1% 

Av = — 1 , Rj_ = 2 kft 

120 




ns 

4>m 

Phase Margin 


45 




Deg 

A D 

Differential Gain 

NTSC, A v = +4 


IMBflBB 



% 

4>D 

Differential Phase 

NTSC, A v = +4 

0.1 




Deg 

e np-P 

Input Noise Voltage 

f = 10 kHz 

15 




nV/JFE 

■np-p 

Input Noise Current 

f = 10 kHz 

1.5 



. 

pAA/Rz 

Note 1: Continuous short-circuit operation at elevated ambient temperature can result in exceeding the maximum allowed junction temperature of 150°C. 

Note 2: The typical junction-to-ambient thermal resistance of the molded plastic DIP (N) is 105°C/W, the molded plastic SO (M) package is 155°C/W, and the 
cerdip (J) package is 125°C/W. All numbers apply for packages soldered directly into a printed circuit board. 

Note 3: Limits are guaranteed by testing or correlation. 

Note 4: For single supply operation, the following conditions apply: V+ = 5V, V - = 0V, Vcm - 2.5 V, Vqut = 2.5V. Pin 1 & Pin 8 (Vos Adjust) are each 
connected to Pin 4 (V~) to realize maximum output swing. This connection will degrade Vqs. Vos Drift, and Input Voltage Noise. 

Note 5: C L £ 5 pF. 

Note 6: In order to achieve optimum AC performance, the input stage was designed without protective clamps. Exceeding the maximum differential input voltage 
results in reverse breakdown of the base-emitter junction of one of the input transistors and probable degradation of the input parameters (especially Vos, los, and 
Noise). 

Note 7: The average voltage that the weakest pin combinations (those involving Pin 2 or Pin 3) can withstand and still conform to the datasheet limits. The test 
circuit used consists of the human body model of 100 pF in series with 1500ft. 

Note 8: V|n = 8V step. For supply = ±5V, V tN = 5V step. 

Note 9: Voltage Gain is the total output swing (20V) divided by the input signal required to produce that swing. 

Note 10: The voltage between V+ and either input pin must not exceed 36V. 

Note 1 1: A military RETS electrical test specification is available on request. At the time of printing, the RETS61 61 X specs complied with all Boldface limits in this 
column. 

Note 12: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for whiph the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 

The guaranteed specifications apply only for the test conditions listed. 
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SLEW RATE (V/*w) GAIN-BANDWIDTH PRODUCT (MHz) SUPPLY CURRENT (mA) 


Typical Performance Characteristics (R|_ = 10 kft, Ta = 25°C unless otherwise specified) 


Supply Current vs 
Supply Voltage 
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Typical Performance Characteristics 

(R|_ = 10 kft, Ta = 25°C unless otherwise specified) (Continued) 


Differential Gain (Note) 



TL/H/9057-7 


Differential Phase (Note) 



TL/H/9057-8 

Note: Differential gain and differential phase measured for four series 
LM6361 op amps configured as unity-gain followers, in series with an 
LM6321 buffer. Error added by LM6321 is negligible. Test performed using 
Tektronix Type 520 NTSC test system. 


Step Response; Av = + 1 



Input Noise Voltage 



10 i 1 1 1 1 1 

f 10 100 Ik 10k 100k 


FREQUENCY (Hz) 


I 


(50 ns/div) 

Input Noise Current 



FREQUENCY (Hz) 


TL/H/9057-1 



0.1 1 10 100 
FREQUENCY (MHz) 

TL/H/9057-9 
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Applications Tips 

The LM6361 has been compensated for unity-gain opera- 
tion. Since this compensation involved adding emitter-de- 
generation resistors to the op amp’s input stage, the open- 
loop gain was reduced as the stability increased. Gain error 
due to reduced Avol is most apparent at high gains; thus, 
for gains between 5 and 25, the less-compensated LM6364 
should be used, and the uncompensated LM6365 is appro- 
priate for gains of 25 or more. The LM6361 , LM6364, and 
LM6365 have the same high slew rate, regardless of their 
compensation. 

The LM6361 is unusually tolerant of capacitive loads. Most 
op amps tend to oscillate when their load capacitance is 
greater than about 200 pF (especially in low-gain circuits). 
The LM6361’s compensation is effectively increased with 
load capacitance, reducing its bandwidth and increasing its 
stability. 

Power supply bypassing is not as critical for the LM6361 as 
it is for other op amps in its speed class. Bypassing will, 

Typical Applications 


Offset Voltage Adjustment 


v+ 



however, improve the stability and transient response and is 
recommended for every design. 0.01 ju,F to 0.1 juF ceramic 
capacitors should be used (from each supply “rail” to 
ground); if the device is far away from its power supply 
source, an additional 2.2 ju,F to 1 0 /aF of tantalum may pro- 
vide extra noise reduction. 

Keep all leads short to reduce stray capacitance and lead 
inductance, and make sure ground paths are low-imped- 
ance, especially where heavier currents will be flowing. 
Stray capacitance in the circuit layout can cause signal cou- 
pling across adjacent nodes and can cause gain to uninten- 
tionally vary with frequency. 

Breadboarded circuits will work best if they are built using 
generic PC boards with a good ground plane. If the op amps 
are used with sockets, as opposed to being soldered into 
the circuit, the additional input capacitance may degrade 
circuit performance. 


1 MHz Low-Pass Filter 



* Matching determines filter precision 
f c = (2 ttV(R 1 R2C1 C2))~l 


Modulator with Differential-to-Single-Ended Converter 


+ 12V 



TL/H/9057-11 
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National Semiconductor 


LM6162/LM6262/LM6362 
High Speed Operational Amplifier 


General Description 

The LM6362 family of high-speed amplifiers exhibits an ex- 
cellent speed-power product, delivering 300 V/jas and 
100 MHz gain-bandwidth product (stable for gains as low as 
+ 2 or -1) with only 5 mA of supply current. Further power 
savings and application convenience are possible by taking 
advantage of the wide dynamic range in operating supply 
voltage which extends all the way down to + 5V. 

These amplifiers are built with National’s VIPtm (Vertically 
Integrated PNP) process which provides fast transistors that 
are true complements to the already fast NPN devices. This 
advanced junction-isolated process delivers high speed per- 
formance without the need for complex and expensive di- 
electric isolation. 

Features 

■ High slew rate 300 V/jus 

■ High gain-bandwidth product 100 MHz 


■ Low supply current 

■ Fast settling time 

■ Low differential gain 

■ Low differential phase 

■ Wide supply range 

■ Stable with unlimited capacitive load 

■ Well behaved; easy to apply 

Applications 

■ Video amplifier 

■ Wide-bandwidth signal conditioning for image process- 
ing (FAX, scanners, laser printers) 

■ Hard disk drive preamplifier 

■ Error amplifier for high-speed switching regulator 


5 mA 
120 ns to 0.1% 
<0.1% 
<0.1° 
4.75V to 32V 


Connection Diagrams 

20-Lead LCC 



See NS Package Number E20A 


10-Pin Ceramic Flatpak 


v 0s ADJUST C 
INV INPUT C 
N0N-INV INPUT C 


TL/H/1 1061-15 


Top View 

See NS Package Number W10A 


Adjust V+ V 0UT N / C 



TL/H/1 1061 -2 

See NS Package Number N08E, 
M08A or J08A 


Temperature Range 

Package 

NSC 

Drawing 

Military 

— 55°C < T a < +125°C 

Industrial 

— 25°C < T a < + 85°C 

Commercial 
0°C<T a ^ +70°C 

LM6162N 

LM6262N 

LM6362N 

8-Pin Molded DIP 

N08E 

LM6162J/883 

5962-921 6501 PA 



8-Pin Ceramic DIP 

J08A 


LM6262M 

LM6362M 

8-Pin Molded Surface Mt. 

M08A 

LM6162E/883 

5962-921 6501 2A 



20-Lead LCC 

E20A 

LM6162W/883 

5962-921 6501 HA 



1 0-Pin Ceramic Flatpak 

W10A 
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LM6162/LM6262/LM6362 


Absolute Maximum Ratings (Note d 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


Supply Voltage (V+-V-) 

36V 

Storage Temperature Range 

— 65°c<;Tj<; +150°c 

Differential Input Voltage (Note 2) 

±8V 

Max Junction Temperature 

1 50°C 

Common-Mode Input Voltage 
(Note 3) 

(V+-0.7V) to 
(V- - 0.3V) 

ESD T olerance (Note 5) 

± 1100V 

Output Short Circuit to GND (Note 4) 
Soldering Information 

Continuous 

Operating Ratings 

Temperature Range (Note 6) 


Dual-In-Line Package (N) 


LM6162 

-55°C^Tj^ + 1 25°C 

Soldering (10 seconds) 

Small Outline Package (M) 

260°C 

LM6262 

— 25°C ^ Tj ^ + 85°C 

Vapor Phase (60 seconds) 

215°C 

LM6362 

o°c <; Tj <: +70°c 

Infrared (15 seconds) 

220°C 

Supply Voltage Range 

4.75V to 32V 


DC Electrical Characteristics 

These limits apply for supply voltage = ±15V, Vcm = OV, and R|_ ^ 100 kn, unless otherwise specified. Limits in standard 
typeface are for Ta = Tj = 25°C; limits in boldface type apply over the Operating Temperature Range. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 7) 

LM6162 

Limit 
(Note 8) 

LM6262 

Limit 
(Note 8) 

LM6362 
Limit 
(Note 8) 

Units 

Vos 

Input Offset Voltage 


±3 

±5 

±5 

±13 

mV 





±8 

±8 

±15 

max 

AVqs 

Input Offset Voltage 


7 





ATemp 

Average Drift 







Ibias 

Input Bias Current 


2.2 

3 

3 

4 

jmA 





6 

5 

6 

max 

■os 

Input Offset Current 




±350 

±1500 







±600 

±1900 


Alos 

Input Offset Current 






mm 

ATemp 

Average Drift 






■■M9 

Rin 

Input Resistance 

Differential 

180 




kn 

C|N 

Input Capacitance 


2.0 




pF 

AvOL 

Large Signal 

V 0U T = ±10V, R L = 2kn 

1400 

1000 

1000 

800 

v/v 


Voltage Gain 

(Note 9) 


500 

700 

650 

min 



R L = 10 kH 

6500 




V/V 

Vcm 

Input Common-Mode 

Supply = ± 1 5V 

+ 14.0 

+ 13.9 



V 


Voltage Range 



+ 13.8 



min 




-13.2 

-12.9 

-12.9 

-12.9 

V 





- 12.7 

- 12.7 

- 12.8 

max 



Supply = + 5V 

4.0 

3.9 

3.9 


V 



(Note 10) 


3.8 

3.8 


min 




1.6 

1.8 

1.8 

1.9 

— 





2.0 

2.0 

2.0 


CMRR 

Common-Mode 

-lov <; v C M ^ + iov 

100 

83 

83 

76 

s 


Rejection Ratio 



79 

79 

74 


PSRR 

Power Supply 

±10V ^ V s ^ ± 16V 


83 


76 

dB 


Rejection Ratio 



79 


74 

min 

Vo 

Output Voltage 

Supply = ± 15V, Rl = 2 kft 

+ 14.2 

+ 13.5 

+ 13.5 

+ 13.4 

V 


Swing 



+ 13.3 

+ 13.3 

13.3 

min 




-13.4 

-13.0 

-13.0 

-12.9 

V 





- 12.7 

- 12.8 

- 12.8 

max 
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DC Electrical Characteristics (continued) 

These limits apply for supply voltage = + 15V, Vqvi = OV, and R|_ ^ 100 kn, unless otherwise specified. Limits in standard 
typeface are for Ta = Tj = 25°C; limits in boldface type apply over the Operating Temperature Range. 

Symbol 

Parameter 

Conditions 

Typical 
(Note 7) 

LM6162 
Limit 
(Note 8) 

LM6262 
Limit 
(Note 8) 

LM6362 
Limit 
(Note 8) 

Units 

Vo 

Output Voltage Swing 

Supply = + 5V and 

R L = 2 kfi (Note 10) 

4.2 

3.5 

3.3 

3.5 

3.3 

3.4 

3.3 

V 

min 


1.3 

1.7 

2.0 

1.7 

1.9 

1.8 

1.9 

V 

max 

lose 

Output Short 

Circuit Current 

Sourcing 

65 

30 

20 

30 

25 

30 

25 

mA 

min 


Sinking 

65 

30 

20 

30 

25 

30 

25 

mA 

min 

Is 

Supply Current 


5.0 

6.5 

6.8 

6.5 

6.7 

6.8 

6.9 

mA 

max 

AC Electrical Characteristics 

These limits apply for supply voltage = ±15V, Vcm = 0V, R|_ ^ 100 kTt, and C|_ < 5 pF, unless otherwise specified. Limits in 
standard typeface are for Ta = Tj = 25°C; limits in boldface type apply over the Operating Temperature Range. 

Symbol 

Parameter 

Conditions 

Typical 
(Note 7) 

LM6162 
Limit 
(Note 8) 

LM6262 

Limit 
(Note 8) 

LM6362 

Limit 
(Note 8) 

Units 

GBW 

Gain-Bandwidth Product 

f = 20 MHz 

Supply = ±5V 

100 

80 

55 

80 

65 

75 

65 

MHz 

min 

70 




MHz 

SR 

Slew Rate 

A v = +2 (Note 11) 

Supply = ±5V 

300 

200 

180 

200 

180 

200 

180 

V/JU.S 

min 

200 




V/jLlS 

PBW 

Power Bandwidth 

VquT = 20 Vpp 

4.5 




MHz 


Settling Time 

10V step, to 0.1% 

Ay ~ — 1 , R[_ = 2 kfi 

100 




ns 


Phase Margin 

A v = +2 

45 




deg 


Differential Gain 

NTSC,A V = +2 

<0.1 




% 


Differential Phase 

NTSC, A v = +2 

<0.1 




deg 

e n 

Input Noise Voltage 

f = 10 kHz 

10 




nV/l/Hz 

•n 

Input Noise Current 

f = 10 kHz 

1.2 




pA/l/Hz 

Note 1: Absolute maximum ratings indicate limits beyond which damage to the component may occur. Electrical specifications do not apply when operating the 
device beyond its rated operating conditions. 

Note 2: The ESD protection circuitry between the inputs will begin to conduct when the differential input voltage reaches 8V. 

Note 3: a) In addition, the voltage between the V + pin and either input pin must not exceed 36V. 

b) When the voltage applied to an input pin is driven more than 0.3V below the negative supply pin voltage, a substrate diode begins to conduct. Current 
through this pin must then be kept less than 20 mA to limit damage from self-heating. 

Note 4: Although the output current is internally limited, continuous short-circuit operation at elevated ambient temperature can result in exceeding the maximum 
allowed junction temperature of 1 50°C. 

Note 5: This value is the average voltage that the weakest pin combinations can withstand and still conform to the datasheet limits. The test circuit used consists of 
the human body model, 100 pF in series with 1500ft. 

Note 6: The typical thermal resistance, junction-to-ambient, of the molded plastic DIP (N package) is 105°C/W. For the molded plastic SO (M package), use 

1 55°C/W. All numbers apply for packages soldered directly into a printed circuit board. 

Note 7: Typical values are for Tj = 25°C, and represent the most likely parametric norm. 

Note 8: Limits are guaranteed, by testing or correlation. 

Note 9: Voltage Gain is the total output swing (20V) divided by the magnitude of the input signal required to produce that swing. 

Note 10: For single-supply operation, the following conditions apply: V + = 5V, V - = 0V, Vcm = 2.5V, Vout = 2.5V. Pin 1 and Pin 8 (Vos Adjust pins) are each 
connected to pin 4 (V~) to realize maximum output swing. This connection will increase the offset voltage. 

Note 11: Vin = 10V step. For ±5V supplies, Vin = IV step. 

Note 12: A military RETS electrical test specification is available on request. 


1-525 


LM6 1 62/LM6262/ LM6362 




LM6 1 62/LM6262/LM6362 



Typical Performance Characteristics R|_ = 10 k ft, Ta = 25°C unless otherwise noted 


| 

1 


Supply Current vs 



2 4 6 8 10 12 14 16 18 

+/- SUPPLY VOLTAGE (V) 


Common-Mode 
Rejection Ratio 



100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Power Supply 
Rejection Ratio 



100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Gain-Bandwidth Product 



2 4 6 8 10 12 14 16 

+/- SUPPLY VOLTAGE (V) 


Gain-Bandwidth Product 



10 pF 100 pF 1 nF 10 nF 100 nF 1 j*F 


LOAD CAPACITANCE 


Propagation Delay, 



-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Slew Rate vs 
Supply Voltage 


400 

300 

200 



1 


+25 

°c, 



-55 









+12 

5°C 


> 






100 

0 

j 







If 







f 







r 








2 4 6 8 10 12 14 16 

♦/- SUPPLY VOLTAGE (V) 


I 

i 


Slew Rate vs 
Load Capacitance 



10 pF 100 pF 1 nF 10 nF 100 nF 
LOAD CAPACITANCE 


Overshoot vs 
Load Capacitance 



LOAD CAPACITANCE (pF) 


Output Impedance 



Ik 10k 100k 1M 10M 100M 


Voltage Gain vs 
Load Resistance 



0.1 1 10 100 


FREQUENCY (Hz) 


LOAD RESISTANCE (kfl) 


Voltage Gain vs 
Supply Voltage 



+/- SUPPLY VOLTAGE (V) 

TL/H/11061-3 
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Typical Performance Characteristics (Continued) 


Rl =10 kft, Ta = 25°C unless otherwise noted 

Differential Gain (Note) 



TL/H/11061-4 


Differential Phase (Note) 


A 

J 

" 

1 B .f> = 

In , s j 

a.r 

f ! v\ 

1 

r i 

r 


TL/H/11061-5 

Note: Differential gain and differential phase 
measured for four series LM6362 op amps con- 
figured with gain of +2 each, in series with a 
1:16 attenuator and an LM6321 buffer. Error 
added by LM6321 is negligible. Test performed 
using Tektronix Type 520 NTSC test system. 



Input Noise Voltage 

1000 [ - 1J = . . T ^ P 



ll I I I I I 

1 10 100 Ik 10k 100k 

FREQUENCY (Hz) 



1 10 100 Ik 10k 100k 

FREQUENCY (Hz) 



0.1 1 10 100 
FREQUENCY (MHz) 

TL/H/11061-7 
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Typical Performance Characteristics (Continued) 

Rl = 10 kft, Ta = 25°C unless otherwise noted 



t 

3: 

</> 

Ul 


FREQUENCY (Hz) 


TL/H/11061-8 


Open-Loop 

High-Frequency Response 

40 

30 
20 
10 
0 

-10 
-20 
-30 

1 10 100 1000 
FREQUENCY (MHz) 

TL/H/11061-9 



Common-Mode Input 

Voltage Limits Output Saturation Voltage 



1 

5 

(XL 

(XL 


5 

Q. 


Bias Current vs 
Common-Mode Voltage 



-15 -10 -5 0 5 10 15 


♦/- SUPPLY VOLTAGE (V) 


+/- SUPPLY VOLTAGE (V) 


COMMON-MODE VOLTAGE (V) 

TL/H/11061-10 


Simplified Schematic 
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Application Tips 

The LM6362 has been decompensated for a wider gain- 
bandwidth product than the LM6361 . However, the LM6362 
still offers stability at gains of 2 (and - 1) or greater over the 
specified ranges of temperature, power supply voltage, and 
load. Since this decompensation involved reducing the emit- 
ter-degeneration resistors in the op amp’s input stage, the 
DC precision has been increased in the form of lower offset 
voltage and higher open-loop gain. 

Other op amps in this family include the LM6361, LM6364, 
and LM6365. If unity-gain stability is required, the LM6361 
should be used. The LM6364 has been decompensated for 
operation at gains of 5 or more, with corresponding greater 
gain-bandwidth product (125 MHz, typical) and DC preci- 
sion. The fully-uncompensated LM6365 offers gain-band- 
width product of 725 MHz, typical, and is stable for gains of 
25 or more. All parts in this family, regardless of compensa- 
tion, have the same high slew rate of 300 V//xs (typ). 

The LM6362 is unusually tolerant of capacitive loads. Most 
op amps tend to oscillate when their load capacitance is 
greater than about 200 pF (in low-gain circuits). However, 
load capacitance on the LM6362 effectively increases its 
compensation capacitance, thus slowing the op amp’s re- 
sponse and reducing its bandwidth. The compensation is 
not ideal, though, and ringing may occur in low-gain circuits 
with large capacitive loads. 

Typical Applications 

Offset Voltage Adjustment 
v+ 



TL/H/11061-11 


Power supply bypassing is not as critical for LM6362 as it is 
for other op amps in its speed class. However, bypassing 
will improve the stability and transient response of the 
LM6362, and is recommended for every design. 0.01 /xF to 
0. 1 /xF ceramic capacitors should be used (from each sup- 
ply “rail” to ground); if the device is far away from its power 
supply source, an additional 2.2 /xF to 10 jtxF of tantalum 
may be required for extra noise reduction. 

Keep all leads short to reduce stray capacitance and lead 
inductance, and make sure ground paths are low-imped- 
ance, especially where heavier currents will be flowing. 
Stray capacitance in the circuit layout can cause signal cou- 
pling from one pin, input or lead to another, and can cause 
circuit gain to unintentionally vary with frequency. 
Breadboarded circuits will work best if they are built using 
generic PC boards with a good ground plane. If the op amps 
are used with sockets, as opposed to being soldered into 
the circuit, the additional input capacitance may degrade 
circuit frequency response. At low gains ( + 2 or -1), a 
feedback capacitor Cf from output to inverting input will 
compensate for the phase lag caused by capacitance at the 
inverting input. Typically, values from 2 pF to 5 pF work well; 
however, best results can be obtained by observing the am- 
plifier pulse response and optimizing Cf for the particular 
layout. 


Inverting Amplifier, 30 MHz Bandwidth 


+5V 



TL/H/11061-12 
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Typical Applications (Continued) 


I 
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National Semiconductor 


LM6 1 64/LM6264/LM6364 
High Speed Operational Amplifier 


Genera! Description 

The LM61 64 family of high-speed amplifiers exhibits an ex- 
cellent speed-power product in delivering 300V per /is and 
175 MHz GBW (stable down to gains as low as +5) with 
only 5 mA of supply current. Further power savings and ap- 
plication convenience are possible by taking advantage of 
the wide dynamic range in operating supply voltage which 
extends all the way down to + 5V. 

These amplifiers are built with National’s VIPtm (Vertically 
Integrated PNP) process which produces fast PNP transis- 
tors that are true complements to the already fast NPN de- 
vices. This advanced junction-isolated process delivers high 
speed performance without the need for complex and ex- 
pensive dielectric isolation. 


Features 

■ High slew rate 300 V//xs 

■ High GBW product 175 MHz 

■ Low supply current 5 mA 

■ Fast settling 100 ns to 0.1% 

■ Low differential gain <0.1% 

■ Low differential phase <0.1° 

■ Wide supply range 4.75V to 32V 

■ Stable with unlimited capacitive load 

Applications 

■ Video amplifier 

■ Wide-bandwidth signal conditioning 

■ Radar 

■ Sonar 


Connection Diagrams 


Adjust V+ V 0UT N/C 



Adjust ’"Put Input 

TL/H/9153-8 

NS Package Number 
J08A, M08A or N08E 


20-Lead LCC 



NS Package Number E20A 


10-Lead Flatpak 



TL/H/9153-15 

Top View 

NS Package Number W10A 


Temperature Range 

Package 

NSC 

Drawing 

Military 

-55°C<T a < +125°C 

Industrial 

— 25°C < T A < +85°C 

Commercial 

0°C < T A < +70°C 


LM6264N 

LM6364N 

8-Pin Molded DIP 

N08E 

LM6164J/883 
5962-8962401 PA 



8-Pin Ceramic DIP 

J08A 



LM6364M 

8-Pin Molded Surface Mt. 

M08A 

LM6164E/883 
5962-8962401 2A 



20-Lead LCC 

E20A 

LM6164W/883 
5962-8962401 HA 



10-Pin 

Ceramic Flatpak 

W10A 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (V+ - V") 36V 

Differential Input Voltage (Note 6) ± 8V 


Common-Mode Input Voltage 
(Note 10) (V+ - 0.7V) to (V~ - 7V) 


Output Short Circuit to Gnd (Note 1) 
Soldering Information 
Dual-In-Line Package (N, J) 
Soldering (1 0 sec.) 

Small Outline Package (M) 

Vapor Phase (60 sec.) 

Infrared (1 5 sec.) 


Continuous 


260°C 

215°C 

220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


Storage Temperature Range 
Max Junction Temperature (Note 2) 
ESD Tolerance (Notes 6 & 7) 


— 65°C to +150°C 
150°C 
±700V 


Operating Ratings 

Temperature Range (Note 2) 
LM6164 
LM6264 
LM6364 

Supply Voltage Range 


— 55°C <i Tj ^ + 1 25°C 
— 25°C ^ Tj ^ + 85°C 
0°C ^ Tj ^ +70°C 
4.75V to 32V 


DC Electrical Characteristics The following specifications apply for Supply Voltage = ± 1 5V, Vqm = 0, 
Ri_ ^ 100 ka and Rs = 50a unless otherwise noted. Boldface limits apply for Ta = Tj = T^in to Tmax.' all other limits 
T A = Tj = 25°C. 






LM6164 

LM6264 

LM6364 


Symbol 

Parameter 

Conditions 

Typ 

Limit 

Limit 

Limit 

Units 





(Notes 3, 11) 

(Note 3) 

(Note 3) 



Input Offset Voltage 



4 



mV 





6 



j max 


Input Offset Voltage 






ixvrc 


Average Drift 





»b 

Input Bias Current 


2.5 

3 

3 


fiA 




6 

5 


max 

■os 

Input Offset Current 


150 

350 

350 

1500 

mA 




800 

600 

1900 

max 

los 

Input Offset Current 


0.3 




nA/°C 

Drift 

Average Drift 





pEMW 

Input Resistance 

Differential 

100 




ka 


Input Capacitance 


3.0 




PF 


Large Signal 

V 0 UT = ±10V,R L = 2ka 

2.5 

1.8 

1.8 

1.3 

V/mV 


Voltage Gain 

(Note 9) 

0.9 

1.2 

1.1 

min 



R L = 10 ka 

9 




V CM 

Input Common-Mode 

Supply = ± 1 5V 

+ 14.0 

+ 13.9 

+ 13.9 

+ 13.8 

V 


Voltage Range 


+ 13.8 

+ 13.8 

+ 13.7 

min 




-13.5 

-13.3 


-13.2 





- 13.1 


- 13.1 




Supply = +5V 

4.0 

3.9 


3.8 

V 



(Note 4) 

3.8 


3.7 

min 




1.5 

1.7 

1.7 

1.8 

V 




1.9 

1.9 

1.9 

max 

CMRR 

Common-Mode 

-10V ^ V C m ^ +10V 

105 

86 

86 

80 

dB 


Rejection Ratio 


80 

82 

78 

min 

PSRR 

Power Supply 

±10V ^ V± ^ ± 16V 

96 

86 

86 

80 

dB 


Rejection Ratio 


80 

82 

78 

min 
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DC Electrical Characteristics The following specifications apply for Supply Voltage = ± 1 5V, Vqm = 0. 
R|_ ^ 100 kft and Rs = 50H unless otherwise noted. Boldface limits apply for Ta = Tj = Tmin to t max; all other limits 
t a = T J - 25°C. (Continued) 






LM6164 

LM6264 

LM6364 


Symbol 

Parameter 

Conditions 

Typ 

Limit 

Limit 

Limit 

Units 





(Notes 3, 11) 

(Note 3) 

(Note 3) 


Vo 

Output Voltage 

Supply = + 5V 

+ 14.2 

+ 13.5 

+ 13.5 

+ 13.4 

V 


Swing 

and R L = 2 kn 

+ 13.3 

+ 13.3 

+ 13.3 

min 




-13.4 

-13.0 

-13.0 

-12.9 

V 




- 12.7 

- 12.8 

- 12.8 

min 



Supply = + 5V 

4.2 

3.5 

3.5 

3.4 

V 



and Rl = 2 kn 

3.3 

3.3 

3.3 

min 



(Note 9) 

1.3 

1.7 

1.7 

1.8 

V 




2.0 

1.9 

1.9 

max 


Output Short 

Source 

65 

30 

30 

30 

mA 


Circuit Current 


20 

25 

25 

min 



Sink 

65 

30 

30 

30 

mA 




20 

25 

25 

min 

Is 

Supply Current 


5.0 

6.5 

6.5 

6.8 

mA 




6.8 

6.7 

6.9 

min 
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LM6164/LM6264/LM6364 



LM6164/LM6264/LM6364 


AC Electrical Characteristics The following specifications apply for Supply Voltage = ±15V, Vqm — 0. 
R|_ ^ 100 kft and Rs - 50ft unless otherwise noted. Boldface limits apply for Ta = Tj = Tmin to Tmax*> all other limits 
T a = Tj = 25°C. 



Parameter 

Conditions 

Typ 

LM6164 



Units 

Limit 

(Notes 3,11) 



GBW 

Gain-Bandwidth 

Product 

F = 20 MHz 

175 



120 

100 

MHz 

min 

Supply = ±5V 





SR 

Slew Rate 


300 

200 

180 

200 

180 

200 

180 

V/jLlS 

min 

Supply = ± 5V 





PBW 

Power Bandwidth 

Vout = 20 V P p 

B9I 




MHz 

Ts 

Settling Time 

10V Step to 0.1% 

Ay = — 4, R(_ = 2 kft 

100 




ns 


Phase Margin 

Ay = +5 

45 




Deg 

a D 

Differential Gain 

NTSC, A v = +10 

<0.1 




% 

<f>D 

Differential Phase 


<0.1 




Deg 

e np-p 

Input Noise Voltage 

F = 10 kHz 

8 





*np-p 

Input Noise Current 

F = 10 kHz 

1.5 




pA/VFE 


Note 1: Continuous short-circuit operation at elevated ambient temperature can result in exceeding the maximum allowed junction temperature of 150°C. 

Note 2: The typical junction-to-ambient thermal resistance of the molded plastic DIP (N) is 105°C/Watt, the molded plastic SO (M) package is 155°C/Watt, and the 
cerdip (J) package is 125°C/Watt. All numbers apply for packages soldered directly into a printed circuit board. 

Note 3: Limits are guaranteed by testing or correlation. 

Note 4: For single supply operation, the following conditions apply: V+ = 5V, V- = 0V, Vqm = 2.5V, Vout = 2.5 V. Pin 1 & Pin 8 (Vqs Adjust) are each 
connected to Pin 4 (V-) to realize maximum output swing. This connection will degrade Vos- 
Note 5: C L £ 5 pF. 

Note 6: In order to achieve optimum AC performance, the input stage was designed without protective clamps. Exceeding the maximum differential input voltage 
results in reverse breakdown of the base-emitter junction of one of the input transistors and probable degradation of the input parameters (especially Vqs. ios. and 
Noise). 

Note 7: The average voltage that the weakest pin combinations (those involving Pin 2 or Pin 3) can withstand and still conform to the datasheet limits. The test 
circuit used consists of the human body model of 1 00 pF in series with 1 500ft. 

Note 8: Vin = 4V step. For supply = ±5V, Vin = IV step. 

Note 9: Voltage Gain is the total output swing (20V) divided by the input signal required to produce that swing. 

Note 10: The voltage between V + and either input pin must not exceed 36V. 

Note 11: A military RETS electrical test specification is available on request. At the time of printing, the LM6164J/883 RETS spec complied with the Boldface 
limits in this column. The LM6164J/883 may also be procured as Standard Military Drawing #5962-8962401 PA. 
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Typical Performance Characteristics (Rl = 10 kft, Ta = 25°C unless otherwise specified) 


Supply Current vs 
Supply Voltage 
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Propagation Delay 
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Gain-Bandwidth Product 
vs Load Capacitance 
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10pF lOOpF InF 10nF lOOnF 1;uF 
LOAD CAPACITANCE 


I 

i 


Slew Rate vs 
Load Capacitance 



10pF lOOpF InF 10nF lOOnF I^F 
LOAD CAPACITANCE 


Overshoot vs 


Load Capacitance 



10pF lOOpF InF 10nF lOOnF 



2 4 6 8 10 12 14 16 18 

♦/- SUPPLY VOLTAGE (V) 


Voltage Gain vs 



0.1 1 10 100 
LOAD RESISTANCE (k&) 


Gain vs Supply Voltage 
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+/- SUPPLY VOLTAGE (V) 


TL/H/9153-5 
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LM6 1 64/LM6264/LM6364 


Typical Performance Characteristics 

(R|_ = 10 kH, Ta = 25°C unless otherwise specified) (Continued) 


Differential Gain (Note) 



TL/H/9153-6 


Differential Phase (Note) 



TL/H/9153-7 

Note: Differential gain and differential phase 
measured for four series LM6364 op amps in se- 
ries with an LM6321 buffer. Error added by 
LM6321 is negligible. Test performed using Tek- 
tronix Type 520 NTSC test system. Configured 
with a gain of +5 (each output attenuated by 
80%) 


Step Response; Av = -I- 5 


TIME (50 ns/div) 



TL/H/9153-1 


Input Noise Voltage 

1000 H = : i : I -= — r-T 



ll I I I I I 

1 10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Input Noise Current 



1 10 100 Ik 10k 100k 
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Power Bandwidth 
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LM6164/LM6264/LM6364 




Applications Tips 

The LM6364 has been compensated for gains of 5 or great- 
er (over specified ranges of temperature, power supply volt- 
age, and load). Since this compensation involved adding 
emitter-degeneration resistors in the op amp’s input stage, 
the open-loop gain was reduced as the stability increased. 
Gain error due to reduced Avql is most apparent at high 
gains; thus, the uncompensated LM6365 is appropriate for 
gains of 25 or more. If unity-gain operation is desired, the 
LM6361 should be used. The LM6361, LM6364, and 
LM6365 have the same high slew rate (typically 300 V/jLts), 
regardless of their compensation. 

The LM6364 is unusually tolerant of capacitive loads. Most 
op amps tend to oscillate when their load capacitance is 
greater than about 200 pF (in low-gain circuits). However, 
load capacitance on the LM6364 effectively increases its 
compensation capacitance, thus slowing the op amp’s re- 
sponse and reducing its bandwidth. The compensation is 
not ideal, though, and ringing or oscillation may occur in 
low-gain circuits with large capacitive loads. To overcom- 
pensate the LM6364 for operation at gains less than 5, a 


Typical Applications 

Offset Voltage Adjustment 


v+ 



100k 


TL/H/9153-10 


Video-Bandwidth Amplifier 



TL/H/9153-12 


series resistor-capacitor network should be added between 
the input pins (as shown in the Typical Applications, Noise 
Gain Compensation) so that the high-frequency noise gain 
rises to at least 5. 

Power supply bypassing will improve the stability and tran- 
sient response of the LM6364, and is recommended for ev- 
ery design. 0.01 juF to 0.1 /xF ceramic capacitors should be 
used (from each supply “rail” to ground); if the device is far 
away from its power supply source, an additional 2.2 /xF to 
10 juiF (tantalum) may be required for extra noise reduction. 
Keep all leads short to reduce stray capacitance and lead 
inductance, and make sure ground paths are low-imped- 
ance, especially where heavier currents will be flowing. 
Stray capacitance in the circuit layout can cause signal cou- 
pling between adjacent nodes, so that circuit gain uninten- 
tionally varies with frequency. 

Breadboarded circuits will work best if they are built using 
generic PC boards with a good ground plane. If the op amps 
are used with sockets, as opposed to being soldered into 
the circuit, the additional input capacitance may degrade 
circuit performance. 


Noise-Gain Compensation for Gains ^5 


r f 



RxC x :> (2 tt«25 MHz) - 1 
5 R x = Ri + R f (1 + R 1 /R 2 ) 
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National Semiconductor 


LM6165/LM6265/LM6365 
High Speed Operational Amplifier 


General Description 

The LM6165 family of high-speed amplifiers exhibits an ex- 
cellent speed-power product in delivering 300 V/jlls and 
725 MHz GBW (stable for gains as low as + 25) with only 
5 mA of supply current. Further power savings and applica- 
tion convenience are possible by taking advantage of the 
wide dynamic range in operating supply voltage which ex- 
tends all the way down to + 5V. 

These amplifiers are built with National’s VIPtm (Vertically 
Integrated PNP) process which produces fast PNP transis- 
tors that are true complements to the already fast NPN de- 
vices. This advanced junction-isolated process delivers high 
speed performance without the need for complex and ex- 
pensive dielectric isolation. 


Features 

■ High slew rate 

■ High GBW product 

■ Low supply current 

■ Fast settling 

■ Low differential gain 

■ Low differential phase 

■ Wide supply range 

■ Stable with unlimited capacitive load 

Applications 

■ Video amplifier 

■ Wide-bandwidth signal conditioning 

■ Radar 

■ Sonar 


300 V/jLts 
725 MHz 
5 mA 
80 ns to 0.1% 
< 0 . 1 % 
<0.1° 
4.75V to 32V 


Connection Diagrams 


10-Lead Flatpak 
Top View 


20-Lead LCC 
Top View 



See NS Package Number E20A 


Temperature Range 

Package 

NSC 

Drawing 

Military 

-55°C<;T a <; +125°C 

Industrial 

— 25°C £ T a £ +85°C 

Commercial 

0°C £ T a <; +70°C 


LM6265N 

LM6365N 

8-Pin 

Molded DIP 

N08E 

LM61 65J/883 
5962-8962501 PA 



8-Pin 

Ceramic DIP 

J08A 



LM6365M 

8-Pin Molded 
Surface Mt. 

M08A 

LM6165E/883 
5962-8962501 2A 



20-Lead 

LCC 

E20A 

LM6165W883 
5962-8962501 HA 



10-Pin 

Ceramic Flatpak 

W10A 


Adjust V+ V 0UT N/C 



Adjust ^put input 

TL/H/9152-8 


Order Number LM6165J/883 
See NS Package Number J08A 

Order Number LM6365M 
See NS Package Number M08A 

Order Number LM6265N or 
LM6365N 

See NS Package Number N08E 


i 

J 


1 
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LM6 1 65/LM6265/LM6365 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (V+ - V") 36V 

Differential Input Voltage (Note 6) ± 8V 


Common-Mode Voltage Range 
(Note 10) (V+ - 0.7V) to (V~ - 7V) 

Output Short Circuit to GND (Note 1 ) Continuous 


Soldering Information 
Dual-In-Line Package (N, J) 

Soldering (10 sec.) 260°C 

Small Outline Package (M) 

Vapor Phase (60 sec.) 2 1 5°C 

Infrared (1 5 sec.) 220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

Storage T emp Range 
Max Junction Temperature (Note 2) 

ESD Tolerance (Notes 6 and 7) 

Operating Ratings 

Temperature Range (Note 2) 

LM6165, LM6165J/883 -55°C ^ T j £ +125°C 

LM6265 — 25°C <; T j ^ + 85°C 

LM6365 0°C£Tj £ + 70°C 

Supply Voltage Range 4.75V to 32V 


— 65°Cto +150°C 
150°C 
±700V 


DC Electrical Characteristics 

The following specifications apply for Supply Voltage = ± 15V, Vqm = 0, Rl ^ 100 k ft and Rs = 50ft unless otherwise noted. 
Boldface limits apply for Ta = Tj = T^in to t max‘. a 11 other limits T A = Tj = 25°C. 


Symbol 

Parameter 

Conditions 

Typ 

LM6165 

LM6265 

LM6365 

Units 

Limit 

(Notes 3,11) 

Limit 
(Note 3) 

Limit 
(Note 3) 


Input Offset Voltage 


■J 

3 

3 

6 

mV 

■ 




4 

4 

7 

Max 

■ 

Input Offset Voltage 


3 






Average Drift 






1 nV/°C 

<b 

Input Bias Current 


2 5 

3 

3 


fxA 





6 

5 


Max 

! OS 

Input Offset Current 


1 50 

350 

350 

1500 

nA 





800 

800 

1900 

Max 

•os 

Input Offset Current 


03 




nA/°C 

Drift 

Average Drift 







Rin 

Input Resistance 

Differential 

20 





C|N 

Input Capacitance 


6.0 




PF 

AvOL 

Large Signal 

V 0U T= ± 10V, 

1 o .5 


7.5 




Voltage Gain 

R L = 2 kft 



6.0 


V/mV 


(Note 9) 

R l = 10 kft 

38 




Min 

VcM 

Input Common-Mode 

Supply = ± 1 5V 

+ 14 0 

+ 13.9 

+ 13.9 

+ 13.8 

V 


Voltage Range 


\ 1 ‘t.v 

+ 13.8 

+ 13.8 

+ 13.7 

Min 




HOC 

-13.4 

-13.4 

-13.3 





— lO.O 

-13.2 

-13.2 

-13.2 




Supply = +5V 

4.0 

3.9 

3.9 


V 



(Note 4) 


3.8 

3.8 


Min 




A A 

1.6 

1.6 

1.7 

V 




1 .4 

1.8 

1.8 

1.8 

Max 

CMRR 

Common-Mode 

-10V <; V CM ^ + iov 

109 

88 

88 

80 

dB 


Rejection Ratio 


1 \jC 

82 

84 

78 

Min 

PSRR 

Power Supply 

±10V £ V± £ ± 16V 

104 

88 

88 

80 

dB 


Rejection Ratio 



82 

84 

78 

Min 

Vo 

Output Voltage 



+ 13.5 

+ 13.5 

+ 13.4 

V 


Swing 



+ 13.3 

+ 13.3 

+ 13.3 

Min 






-13.0 

-12.9 

V 






-12.8 

-12.8 

Min 
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DC Electrical Characteristics (continued) 

The following specifications apply for Supply Voltage = ± 1 5V, Vcm = 0, R|_ ^ 100 kft and Rs = 50ft unless otherwise noted. 
Boldface limits apply for Ta = Tj = Tmin to TMa* a 11 other limits T A = T J = 25°C. 

Symbol 

Parameter 

Conditions 

Typ 

LM6165 

LM6265 

LM6365 

Units 

Limit 

(Notes 3, 11) 

Limit 
(Note 3) 

Limit 
(Note 3) 

Vo 

(Continued) 

Output Voltage 

Swing (Continued) 

Supply = + 5V 

R l = 2 kft (Note 4) 

4.2 


— 

mm 

V 

Min 


mpfpij 

■a 

iH 

V 

Max 


Output Short 

Circuit Current 

Source 


30 

20 

— 

H 



Sink 


30 

20 

— 


mA 

Min 

Is 

Supply Current 


5.0 

6.5 

6.8 

6.5 

6.7 

6.8 

6.9 

mA 

Max 

AC Electrical Characteristics 

The following specifications apply for Supply Voltage = ± 15V, Vcm = 0, R|_ ^ 100 kft and Rs = 50ft unless otherwise noted. 
Boldface limits apply for Ta = Tj = Tmin t0 t max.' all other limits Ta = Tj = 25°C. (Note 5) 

Symbol 

Parameter 

Conditions 

Typ 

LM6165 

LM6265 

LM6365 

Units 

Limit 

(Notes 3,11) 

Limit 
(Note 3) 


GBW 

Gain Bandwidth 

Product 

F - 20 MHz 





MHz 

Min 

Supply = ± 5V 





SR 

Slew Rate 

A v = +25 (Note 8) 

H 

200 

180 



V/juis 

Min 

Supply = ± 5V 

J 




PBW 

Power Bandwidth 
Product 

VoUT = 20 Vpp 

4.5 




MHz 

ts 

Settling Time 

10V Step to 0.1% 

A v = -25, R l = 2 kft 

80 




ns 

4>m 

Phase Margin 

A v = +25 

45 




Deg 

Ad 

Differential Gain 

NTSC, A v = +25 

<0.1 




% 

4>D 

Differential Phase 

NTSC,A V = +25 

<0.1 




Deg 

e np-p 

Input Noise Voltage 

F = 10 kHz 

5 




nV/VRz 

inp-p 

Input Noise Current 

F = 10 kHz 

1.5 




pA/VFE 

Note 1: Continuous short-circuit operation at elevated ambient temperature can result in exceeding the maximum allowed junction temperature of 150°C. 

Note 2: The typical junction-to-ambient thermal resistance of the molded plastic DIP (N) is 105°C/Watt, and the molded plastic SO (M) package is 155°C/Watt, and 
the cerdip (J) package is 125°C/Watt. All numbers apply for packages soldered directly into a printed circuit board. 

Note 3: All limits guaranteed by testing or correlation. 

Note 4: For single supply operation, the following conditions apply: V+ = 5V, V- = 0V, Vcm = 2.5C, Vqut = 2.5V. Pin 1 & Pin 8 (Vqs Adjust) are each 
connected to Pin 4 (V-) to realize maximum output swing. This connection will degrade Vos- 
Note 5: C|_ ^ 5 pF. 

Note 6: In order to achieve optimum AC performance, the input stage was designed without protective clamps. Exeeding the maximum differential input voltage 
results in reverse breakdown of the base-emitter junction of one of the input transistors and probable degradation of the input parameters (especially Vqs. Ios. and 
Noise). 

Note 7: The average voltage that the weakest pin combinations (those involving Pin 2 or Pin 3) can withstand and still conform to the datasheet limits. The test 
circuit used consists of the human body model of 100 pF in series with 15001T 

Note 8: V|n = 0.8V step. For supply = ±5V, Vin = 0.2V step. 

Note 9: Voltage Gain is the total output swing (20V) divided by the input signal required to produce that swing. 

Note 10: The voltage between V+ and either input pin must not exceed 36V. 

Note 11: A military RETS electrical test specification is available on request. At the time of printing, the LM6165J/883 RETS spec complied with the Boldface 
limits in this column. The L.M6165J/883 may also be procured as Standard Military Drawing #5962-8962501 PA. 
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LM6165/LM6265/LM6365 


Typical Performance Characteristics R|_ = 10 kn, Ta — 25°C unless otherwise specified 


Supply Current vs 
Supply Voltage 
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Gain-Bandwidth 

Product 



± SUPPLY VOLTAGE (V) 


Propagation Delay, 
Rise and Fall Times 



-55 -35-15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Gain-Bandwidth Product vs 
Load Capacitance 



10pF lOOpF InF 10nF lOOnF 1/*F 


LOAD CAPACITANCE 


Slew Rate vs 
Load Capacitance 



10pF lOOpF InF 10nF lOOnF 1 /iF 
LOAD CAPACITANCE 


Overshoot vs 
Capacitive Load 



1 0 pF lOOpF InF 10nF lOOnF 


Slew Rate 



* SUPPLY VOLTAGE (V) 


Output Impedance 



Ik 10k 100k 1M 10M 100M 

FREQUENCY (Hz) 



1 SUPPLY VOLTAGE (V) 


TL/H/9152-5 
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Typical Performance Characteristics (Continued) 


R|_ = 10 k H, Ta = 25°C unless otherwise specified 

Differential Gain (Note) 



TL/H/9152-6 


Differential Phase (Note) 


TL/H/9152-7 

Note: Differential gain and differential phase measured for four series 
LM6365 op amps configured with gain of + 25 (each output attenuated by 
96%), in series with an LM6321 buffer. Error added by LM6321 is negligible. 
Test performed using Tektronix Type 520 NTSC test system. 



Step Response; Av = +25 



Input Noise Voltage 



TIME (50 (ns/div) 

Input Noise Current 



TL/H/9152-1 



1 10 
FREQUENCY (MHz) 


TL/H/9152-9 


1 
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LM6165/LM6265/LM6365 



LM6 1 65/LM6265/LM6365 


Typical Performance Characteristics (Continued) 

R|_ = 10 kft, Ta = 25°C unless otherwise specified 


Open-Loop 
Frequency Response 


Open-Loop 
Frequency Response 



Ik 10k 100k 1M 10M 100M 1G 
FREQUENCY (Hz) 


Cl 1 

■Mil 


II 1 

■Mil 


■1 
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■1 
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■1 
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■1 
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■1 

hi 

I M 1 

■1 

hi 
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FREQUENCY (Hz) 


Voltage Gain vs 
Load Resistance 


■firisa 
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LOAD RESISTANCE (kA) 
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Bias Current vs 
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TL/H/91 52-10 


Simplified Schematic 
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Applications Tips 

The LM6365 is stable for gains of 25 or greater. The 
LM6361 and LM6364, specified in separate datasheets, are 
compensated versions of the LM6365. The LM6361 is unity- 
gain stable, while the LM6364 is stable for gains as low as 
5. The LM6361 , and LM6364 have the same high slew rate 
as the LM6365, typically 300 V/jas. 

To use the LM6365 for gains less than 25, a series resistor- 
capacitor network should be added between the input pins 
(as shown in the Typical Applications, Noise Gain Compen- 
sation) so that the high-frequency noise gain rises to at least 
25. 

Power supply bypassing will improve stability and transient 
response of the LM6365, and is recommended for every 
design. 0.01 ju,F to 0.1 jutF ceramic capacitors should be 


Typical Applications 


Offset Voltage Adjustment 
v + 


used (from each supply “rail” to ground); an additional 
2.2 jwF to 10 jllF (tantalum) may be required for extra noise 
reduction. 

Keep all leads short to reduce stray capacitance and lead 
inductance, and make sure ground paths are low-imped- 
ance, especially where heavier currents will be flowing. 
Stray capacitance in the circuit layout can cause signal cou- 
pling between adjacent nodes, and can cause circuit gain to 
unintentionally vary with frequency. 

Breadboarded circuits will work best if they are built using 
generic PC boards with a good ground plane. If the op amps 
are used with sockets, as opposed to being soldered into 
the circuit, the additional input capacitance may degrade 
circuit performance. 


Noise-Gain Compensation 



100k 
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R x C x ^ 1/(2tt • 25 MHz) 

[R1 + R F (1 + R1/R2)] = 25 R x 


1 MHz Voltage-to-Frequency Converter 

(f0UT = 1 MHz for V| N = 10V) 

100 pF 



* Output 
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LM6171 High Speed Low Power Low Distortion Voltage 
Feedback Amplifier 


General Description 

The LM6171 is a high speed unity-gain stable voltage feed- 
back amplifier. It offers a high slew rate of 3600V/ jms and a 
unity-gain bandwidth of 100 MHz while consuming only 2.5 
mA of supply current. The LM6171 has very impressive AC 
and DC performance which is a great benefit for high speed 
signal processing and video applications. 

The ± 15V power supplies allow for large signal swings and 
give greater dynamic range and signal-to-noise ratio. The 
LM6171 has high output current drive, low SFDR and THD, 
ideal for ADC/DAG systems. The LM6171 is specified for 
±5V operation for portable applications. 

The LM6171 is built on National’s advanced VIPtm ill (Verti- 
cally Integrated PNP) complementary bipolar process. 


Features (Typical Unless Otherwise Noted) 


Easy-To-Use Voltage Feedback Topology 
Very High Slew Rate 

3600V//xs 

Wide Unity-Gain-Bandwidth Product 

100 MHz 

-3 dB Frequency @ Ay = +2 

62 MHz 

Low Supply Current 

2.5 mA 

High CMRR 

110 dB 

High Open Loop Gain 

90 dB 

Specified for ± 1 5 V and ± 5V Operation 



Applications 

■ Multimedia Broadcast Systems 

■ Line Drivers, Switchers 

■ Video Amplifiers 

■ NTSC, PAL® and SECAM Systems 

■ ADC/ D AC Buffers 

■ HDTV Amplifiers 

■ Pulse Amplifiers and Peak Detectors 

■ Instrumentation Amplifier 

■ Active Filters 


Typical Performance Characteristics 

Closed Loop Frequency Response 



1M 10M 100M 


Frequency (Hz) TL/H/12336-5 


Large Signal 
Pulse Response 
A v = +1,V S = ±15 



TIME (20 ns/div) TL/H/12336-9 


Connection Diagram 

8-Pin DIP/SO 



Top View 


Ordering Information 



Temperature Range 

Transport 

Media 

NSC 

Drawing 

Package 

Industrial 
-40°Cto + 85°C 

8-Pin 

LM6171 AIN 

Rails 

N08E 

Molded DIP 

LM6171BIN 

8-Pin 

LM6171 AIM, LM6171BIM 

Rails 

M08A 

Small Outline 

LM6171AIMX, LM6171BIMX 

: i 

Tape and Reel 
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Absolute Maximum Ratings (Note d Operating Ratings (Note d 

If Military/ Aerospace specified devices are required, Supply Voltage 2.75V ^ V+ ^ 18V 

please contact the National Semiconductor Sales Junction Temperature Range 

Office/Distributors for availability and specifications. LM6171 Al, LM6171BI -40°C ^ Tj ^ +85°C 

ESD Tolerance (Note 2) 2.5 kV Thermal Resistance (0 ja) 

Supply Voltage (V+ -V~) 36V N Package, 8-Pin Molded DIP 1 Q8°C/W 

Differential Input Voltage (Note 11) ± 1 0V M Package, 8-Pin Surface Mount 172°C/W 

Common-Mode 

Voltage Range V + — 1 .4V to V - + 1 .4V 

Output Short Circuit to Ground (Note 3) Continuous 

Storage T emperature Range - 65°C to + 1 50°C 

Maximum Junction T emperature (Note 4) 1 50°C 

+ 15V DC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Tj = 25°C, 
V+ = + 15V, V~ = -15V, Vqm — OV, and R|_ = 1 kn. Boldface limits apply at the temperature extremes 



Input Offset Voltage 


Input Offset Voltage Average Drift 


Input Bias Current 


Typ 

(Note 5) 


LM6171AI 
Limit 
(Note 6) 




LM6171BI 
Limit 
(Note 6) 



Input Offset Current 
Input Resistance 

Open Loop 
Output Resistance 

Common Mode 
Rejection Ratio 

Power Supply 
Rejection Ratio 

Input Common-Mode 
Voltage Range 

Large Signal Voltage 
Gain (Note 7) 


Output Swing 



0.03 

2 

3 

2 

3 

julA 

max 

Common Mode 

40 



MO 

Differential Mode 

4.9 



Mil 


14 



Q, 

V CM = ±10V 

110 

80 

75 

dB 


75 

70 

min 

V s = ± 15V- ±5V 

95 

85 

80 

dB 


80 

75 

min 

CMRR ^ 60 dB 

±13.5 



V 

R L = 1 kft 

90 

80 

80 

dB 


70 

70 

min 

R L = 10011 

83 

70 

70 

dB 


60 

60 

min 

R l = 1 kft 

13.3 

12.5 

12 

12.5 

12 

V 

min 


-13.3 

-12.5 

-12 

-12.5 

-12 

V 

max 

r l = ioon 

11.6 

9 

9 

V 


8.5 

8.5 

min 


-10.5 

-9 

-8.5 

-9 

-8.5 

V 

max 
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± 15V DC Electrical Characteristics (Continued) Unless otherwise specified, all limits guaranteed for 

Tj = 25°C, V+ = + 15V, V - = -15V, Vcm = OV, and Rl = 1 kft. Boldface limits apply at the temperature extremes 

Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LM6171AI 
Limit 
(Note 6) 

LM6171BI 
Limit 
(Note 6) 

Units 


Continuous Output Current 
(Open Loop) (Note 8) 

Sourcing, Rj_ = 100ft 

116 

90 

85 


mA 

min 


Sinking, Rl = 100ft 

105 

90 

85 

90 

85 

mA 

max 

M Mi 

Continuous Output Current 

Sourcing, Rl = 10ft 

100 



mA 

(in Linear Region) 

Sinking, Rl = 10ft 

80 



mA 

•sc 

Output Short 

Sourcing 

135 



mA 

Circuit Current 

Sinking 

135 



mA 

•s 

Supply Current 


2.5 

4 

4.5 

4 

4.5 

mA 

max 

i 15V AC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Tj = 25°C, 

V+ = + 15V, V - = -15V, Vcm = OV, and R|_ = 1 kft. Boldface limits apply at the temperature extremes 

Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LM6171AI 
Limit 
(Note 6) 

LM6171BI 
Limit 
(Note 6) 

Units 

SR 

Slew Rate (Note 9) 

A v = +2, V| N = 13 V PP 

3600 



V/jaS 

Ay = + 2, V|fsj = 10 Vpp 

3000 



GBW 

Unity Gain-Bandwidth Product 


100 



MHz 


-3 dB Frequency 

£ 

II 

+ 

160 



MHz 

A v = +2 

62 



MHz 

cf>m 

Phase Margin 


40 



deg 


Settling Time (0.1 %) 

Ay = - 1 , Vqut = ±5V 

Rl = 500ft 

35 



ns 


Propagation Delay 

V| N = ±5V, R l = 500ft, 
A v = -2 

6 



ns 


Differential Gain (Note 1 0) 


0.03 



% 

<f>D 



0.5 



deg 


Input-Referred 

Voltage Noise 

f = 1 kHz 




nV 

,/Rz 

■ 


f = 1 kHz 

1 



pA 

a/Hz 
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±5V DC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Tj = 25°C, 
V+ = +5V, V - = —5V, Vqm = OV, and Rl = 1 kft. Boldface limits apply at the temperature extremes 





Typ 

(Note 5) 

LM6171AI 

LM6171BI 


Symbol 

Parameter 

Conditions 

Limit 
(Note 6) 

Limit 
(Note 6) 

Units 

Vos 

Input Offset Voltage 


1.2 

3 

6 

mV 




5 

8 

max 

TCV 0S 

Input Offset Voltage 

Average Drift 


4 



ju,V/°C 

•b 

Input Bias Current 


1 

2.5 

2.5 

juA 




3.5 

3.5 

max 

•os 

Input Offset Current 


0.03 

1.5 


jllA 




2.2 


max 

R|N 

Input Resistance 

Common Mode 

40 



Mft 









Differential Mode 

4.9 




Ro 

Open Loop 

Output Resistance 


14 



ft 

CMRR 

Common Mode 

V CM = ±2.5V 

105 

80 

75 

dB 


Rejection Ratio 


75 

70 

min 

PSRR 

Power Supply 

V s = ± 1 5V to +5V 

95 

85 

80 

dB 


Rejection Ratio 


80 

75 

min 

VcM 

Input Common-Mode 

Voltage Range 

CMRR :> 60 dB 

±3.7 



V 

A V 

Large Signal Voltage 

R L = 1 kft 

84 

75 

75 

dB 


Gain (Note 7) 


65 

65 

min 



r l = iooft 

80 

70 


dB 




60 


min 

v 0 

Output Swing 

R L = 1 kft 

3.5 

3.2 


V 




3 


min 




-3.4 

-3.2 


V 




-3 


max 



r l = ioon 

3.2 

2.8 


V 




2.5 


min 




-3.0 

-2.8 


V 




-2.5 


max 


Continuous Output Current 

Sourcing, Rl = 100ft 

32 

28 


mA 


(Open Loop) (Note 8) 


25 


min 



Sinking, Rl = 100ft 

30 

28 


mA 




25 


max 

<SC 

Output Short 

Sourcing 

130 



mA 


Circuit Current 

Sinking 

100 



mA 

Is 

Supply Current 


2.3 

3 

3 

mA 




3.5 

3.5 

max 
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+ 5V AC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Tj = 25°C, 
V+ = +5V, V - = -5V, Vcm = OV, and Rl = 1 kn. Boldface limits apply at the temperature extremes 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LM6171AI 
Limit 
(Note 6) 

LM6171BI 
Limit 
(Note 6) 

Units 

SR 

Slew Rate (Note 9) 

A v — +2, Vin == 3.5 Vpp 

750 



V/JLIS 

GBW 

Unity Gain-Bandwidth 

Product 


70 



MHz 


-3 dB Frequency 

+ 

II 

> 

< 

130 



MHz 



> 

< 

II 

+ 

IV) 

45 



<|>m 

Phase Margin 


57 





Settling Time (0.1 %) 

Ay = -1, Vqut = + 1V, 

R|_ = 500fl 

48 





Propagation Delay 

V| N = ±1V,R|_= soon, 

A v = -2 

8 



ns 

Ad 

Differential Gain (Note 10) 


0.04 



% 

4>d 

Differential Phase (Note 10) 


0.7 



deg 

e n 

Input-Referred 

Voltage Noise 

f = 1 kHz 

11 




*n 

Input-Referred 

Current Noise 

f = 1 kHz 

1 



PA 

VHz 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 
Note 2: Human body model, 1.5 kft in series with 100 pF. 

Note 3: Continuous short circuit operation at elevated ambient temperature can result in exceeding the maximum allowed junction temperature of 1 50°C. 

Note 4: The maximum power dissipation is a function of Tj( maX ), 0j A , and T A . The maximum allowable power dissipation at any ambient temperature is Pq = 
(Tj(max) ~ Ta)/0ja. All numbers apply for packages soldered directly into a PC board. 

Note 5: Typical Values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: Large signal voltage gain is the total output swing divided by the input signal required to produce that swing. For Vs = ± 1 5V, Vqut = ± 5V. For Vs = 
+ 5V, Vour = ±1V. 

Note 8: The open loop output current is the output swing with the 1 00ft load resistor divided by that resistor. 

Note 9: Slew rate is the average of the rising and falling slew rates. 

Note 10: Differential gain and phase are measured with Av = + 2, Vin = 1 Vpp at 3.58 MHz and both input and output 75ft terminated. 

Note 11: Differential input voltage is measured at Vs = ±15V. 
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CMRR (dB) Current (mA) lnput BiaS Current M Supply Current (mA) 


Typical Performance Characteristics Unless otherwise noted, 


Supply Current vs 
Supply Voltage 



2.5 7.5 12.5 17.5 

Supply Voltage (±V) 


Supply Current vs 
Temperature 



-55 -35 -15 5 2 5 45 65 85 105 125 
Temperature (°C) 


Input Offset Voltage vs 
Temperature 



-55_,c-15 5 25 45 65 85 105 125 


Temperature (°C) 


Input Bias Current 
vs Temperature 


— V S = ±5V | 
/-f-Vc = ±15V 


-55-35-15 5 25 45 65 85 105 125 
Temperature (°C) 


Input Offset Voltage vs 
Common Mode Voltage 



-15 -10 -5 0 5 10 15 

Common Mode Voltage (V) 


Short Circuit Current 
vs Temperature (Sourcing) 




-55 -40 -25 0 25 50 75 100 125 

Temperature (°C) 


Short Circuit Current 
vs Temperature (Sinking) 


V S = ±5V- 

1-1 f 

V 5 = ±15V-k 


-55 -40 -25 0 25 50 75 100 125 

Temperature (°C) 


Output Voltage 
vs Output Current 



120 -90 -60 -30 0 30 60 90 120 

Output Current (mA) 


Output Voltage 
vs Output Current 





85°C~ 

s 

»S = 

±5V 





as 


= 

_ 





T 

TT- 

^ 25°C . 


























"-4C 

— 

)°C 







j 

5 







□ 

\ 

i 

55°C 

IT 

25°C 





-40 -30 -20 -10 0 10 20 30 40 

Output Current (mA) 


CMRR vs Frequency 

FT 1 ^ iv^^ 


10 100 Ik 10k 100k 1M 10M 

Frequency (Hz) 


PSRR vs Frequency 

I I /—Negative I V<- = i 1 5V I 




egative 

1 , 


l 



Positive-^ 

_L 


V 






















10 100 Ik 10k 100k 1M 10M 

Frequency (Hz) 


PSRR vs Frequency 



10 100 Ik 10k 100k 1M 10M 

Frequency (Hz) 

TL/H/12336-3 
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Gain Bandwidth Product (MHz) 


r*. 

<0 


Typical Performance Characteristics Unless otherwise noted, Ta = 25°C (Continued) 


Opeh Loop 
Frequency Response 



10k 100k 1M 10M 100M 

Frequency (Hz) 

Gain Bandwidth 
Product vs 
Load Capacitance 



Open Loop 
Frequency Response 

I III III IN Vo = ±5V I 


10k 100k 1M 10M 100M 

Frequency (Hz) 

Large Signal 
Voltage Gain 
vs Load 




V 

; = ± 1 5V 

s' 



25°C 

/ 




s 


^2 

1 

5°C 

— 



X 1 

/ 





Capacitive Load (pF) 


0 500 1000 1500 2000 

Load Resistor (ft) 


Gain Bandwidth Product 
vs Supply Voltage 





t 



\ 


W 

at 25°C- 

\ 






at 1 

25°C 






>°c 





Supply Voltage (±V) 

Large Signal 
Voltage Gain 
vs Load 



0 500 1000 1500 2000 

Load Resistor (ft) 


Input Voltage Noise 
vs Frequency 



10 100 Ik 10k 100k 

Frequency (Hz) 


Input Voltage Noise 
vs Frequency 



10 100 Ik 10k 100k 

Frequency (Hz) 


Input Current Noise 
vs Frequency 


10 100 Ik 10k 100k 

frequency (Hz) 


Input Current Noise 
vs Frequency 



1 10 100 ; 1k 10k 100k 

Frequency (Hz) 


Slew Rate vs 
Supply Voltage 



5 10 

Supply Voltage (±V) 


Slew Rate vs 
Input Voltage 



12 3456789 10 

Input Voltage (Vp_p) 
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OUTPUT (100 mV/div) OUTPUT (2V/div) OUTPUT (5V/div) 


Typical Performance Characteristics Unless otherwise noted, Ta = 25°C (Continued) 


Slew Rate vs 
Load Capacitance 



LOAD CAPACITANCE (pF) 


Large Signal 
Pulse Response 
A v = -1,V S = ± 15V 



TIME (20 ns/div) 


Large Signal 
Pulse Response 
A v = +1,V S = ±5V 



TIME (2 ns/div) 


Small Signal 
Pulse Response 
A v = -1,V S = . ± 15V 



TIME (20 ns/div) 


Open Loop Output 
Impedance vs Frequency 



FREQUENCY (Hz) 


Large Signal 
Pulse Response 
A v — — 1, V s = + 5V 



TIME (20 ns/div) 


Large Signal 
Pulse Response 
A v = +2, V s = ± 15V 



TIME (20 ns/div) 


Small Signal 
Pulse Response 
A V = -1,V S = ±5V 



TIME (20 ns/div) 



Open Loop Output 
Impedance vs Frequency 



FREQUENCY (Hz) 


Large Signal 
Pulse Response 
A v = +1, V s = ± 15V 



TIME (20 ns/div) 


Large Signal 
Pulse Response 
A v = +2, V s = ±5V 



TIME (20 ns/div) 


Small Signal 
Pulse Response 
A v = +1,V S = ± 15V 



TIME (20 ns/div) 

TL/H/1 2336-6 





OUTPUT (100 mV/div) 


1^. 

t£> 


Typical Performance Characteristics Unless otherwise noted, Ta = 25°C (Continued) 


Small Signal 
Pulse Response 
A v = +1, V s = +5V 



Small Signal 
Pulse Response 
A v = +2, V s = ± 15V 



Small Signal 
Pulse Response 
Ay = +2,V S = ±5V 



TIME (20 ns/div) 


Closed Loop Frequency 
Response vs Supply 
Voltage (Ay = +1) 


Closed Loop Frequency 
Response vs Supply 
Voltage (Ay = + 2) 


Closed Loop Frequency 
Response vs Capacitive 
Load (Ay = + 1) 

I | V S = ±15V 

Pl zJ,-l£ F :=7-L 


-V s = ±2.75^h^ 

_L v s = ±10 ^ 
I I Vs = ±5 


-V s = ±2.75^ 
l_iV s = ± 10 % 

rT i v 5 =±5^ 


+ C L = 220pF^ 

I Cl = 50 pF J 

1 cf = lOOpF 


1M 10M 100M 

FREQUENCY (Hz) 

Closed Loop Frequency 
Response vs Capacitive 
Load (Ay = + 1) 


IM 10M 100M 

FREQUENCY (Hz) 

Closed Loop Frequency 
Response vs Capacitive 
Load (Ay = + 2) 

I 1 1 1 1 l i 

220 pFi | lOOpF 


IM 10M 100M 

FREQUENCY (Hz) 

Closed L6op Frequency 
Response vs Capacitive 
Load (Ay = + 2) 

| | 1 | III 1 KTpl 


■C L = 100pF- = 
“C L ' =' 50pF- = 
_ C L = 1.5 pF - 


10M 100M 200M 

FREQUENCY (Hz) 


Total Harmonic Distortion 
vs Frequency 

v s = ±"i5v m r ir* | 

1 Rl = 2.5 kfl "JJ T" y j 

V 0 = 20 v p-p f 


Total Harmonic Distortion 
vs Frequency 

10 r rm i r r-T M TTT,, - pi rnT i ii — r rmm 

V S = ±5V 

A V =1 I / 

1 \ = 2.5 kn . .Ill L 

V 0 = 5V P-P 1 


Total Harmonic Distortion 
vs Frequency 


V s = ±15V 
Ay = 2 I 
\ R l = 2.5 kft . J 
V 0 = 20 Vp.p 


10k 100k IM 10M 100M 

Frequency (Hz) 


10k 100k IM 10M 100M 

Frequency (Hz) 


10k 100k IM 10M 100M 

Frequency (Hz) 

TL/H/1 2336-7 
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Output (Vp_ p ) THD (%) 


Typical Performance Characteristics Unless otherwise noted, Ta = 25°C (Continued) 


Total Harmonic Distortion Undistorted Output Swing Undistorted Output Swing 

vs Frequency vs Frequency vs Frequency 



10k 100k 1M 10M 100M 100k 1M 10M 100M 100k 1M 10M 100M 


Frequency (Hz) Frequency (Hz) Frequency (Hz) 

Total Power 


Undistorted Output Swing Undistorted Output Swing Dissipation vs 

vs Frequency vs Frequency Ambient Temperature 



1M 10M 

100M 

100k 

1M 10M 

100M 

-40 -20 0 20 40 60 80 100 

Frequency (Hz) 



Frequency (Hz) 


TEMPERATURE (°C) 
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Application Information 
LM6171 Performance Discussion 

The LM6171 is a high speed, unity-gain stable voltage feed- 
back amplifier. It consumes only 2.5 mA supply current 
while providing a gain-bandwidth product of 100 MHz and a 
slew rate of 3600V/ juts. It also has other great features such 
as low differential gain and phase and high output current. 
The LM6171 is a good choice in high speed circuits. 

The LM61 71 is a true voltage feedback amplifier. Unlike cur- 
rent feedback amplifiers (CFAs) with a low inverting input 
impedance and a high non-inverting input impedance, both 
inputs of, voltage feedback amplifiers (VFAs) have high im- 
pedance nodes. The low impedance inverting input in CFAs 
will couple with feedback capacitor and cause oscillation. 
As a result, CFAs Cannot be used in traditional op amp cir- 
cuits such as photodiode amplifiers, l-to-V converters and 
integrators. 

LM6171 Circuit Operation 

The class AB input stage in LM6171 is fully symmetrical and 
has a similar slewing characteristic to the current feedback 
amplifiers. In the LM6171 Simplfied Schematic, Q1 through 
Q4 form the equivalent of the current feedback input buffer, 
Re the equivalent of the feedback resistor, and stage A buff- 
ers the inverting input. The triple-buffered output stage iso- 
lates the gain stage from the load to provide low output 
impedance. 

LM6171 Slew Rate Characteristic 

The slew rate of LM6171 is determined by the current avail- 
able to charge and discharge an internal high impedance 
node capacitor. The current is the differential input voltage 
divided by the total degeneration resistor Re- Therefore, the 
slew rate is proportional to the input voltage level, and the 
higher slew rates are achievable in the lower gain configura- 
tions. 

When a very fast large signal pulse is applied to the input of 
an amplifier, some overshoot or undershoot occurs. By 
placing an external series resistor such as 1 kn to the input 
of LM6171 , the bandwidth is reduced to help lower the over- 
shoot. 

Layout Consideration 

PRINTED CIRCUIT BOARDS AND HIGH SPEED OP 
AMPS 

There are many things to consider when designing PC 
boards for high speed op amps. Without proper caution, it is 
very easy and frustrating to have excessive ringing, oscilla- 
tion and other degraded AC performance in high speed cir- 
cuits. As a rule, the signal traces should be short and wide 
to provide low inductance and low impedance paths. Any 
unused board space needs to be grounded to reduce stray 
signal pickup. Critical components should also be grounded 
at a common point to eliminate voltage drop. Sockets add 
capacitance to the board and can affect frequency perform- 
ance. It is better to solder the amplifier directly into the PC 
board without using any socket. 

USING PROBES 

Active (FET) probes are ideal for taking high frequency 
measurements because they have wide bandwidth, high in- 
put impedance and low input capacitance. However, the 
probe ground leads provide a long ground loop that will pro- 


duce errors in measurement. Instead, the probes can be 
grounded directly by removing the ground leads and probe 
jackets and using scope probe jacks. 

COMPONENTS SELECTION AND FEEDBACK RESISTOR 

It is important in high speed applications to keep all compo- 
nent leads short because wires are inductive at high fre- 
quency. For discrete components, choose carbon composi- 
tion-type resistors and mica-type capacitors. Surface mount 
components are preferred over discrete components for 
minimum inductive effect. 

Large values of feedback resistors can couple with parasitic 
capacitance and cause undesirable effects such as ringing 
or oscillation in high speed amplifiers. For LM6171, a feed- 
back resistor of 51 OH gives optimal performance. 

Compensation for Input 
Capacitance 

The combination of an amplifier’s input capacitance with the 
gain setting resistors adds a pole that can cause peaking or 
oscillation. To solve this problem, a feedback capacitor with 
a value 

Of > (Rg x C|n)/Rf 

can be used to cancel that pole. For LM6171, a feedback 
capacitor of 2 pF is recommended. Figure 1 illustrates the 
compensation circuit. 



FIGURE 1. Compensating for Input Capacitance 


Power Supply Bypassing 

Bypassing the power supply is necessary to maintain low 
power supply impedance across frequency. Both positive 
and negative power supplies should be bypassed individual- 
ly by placing 0.01 fiF ceramic capacitors directly to power 
supply pins and 2.2 juF tantalum capacitors close to the 
power supply pins. 

v+ 



TL/H/ 12336- 12 

FIGURE 2. Power Supply Bypassing 
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Application Information (Continued) 
Termination 

In high frequency applications, reflections occur if signals 
are not properly terminated. Figure 3 shows a properly ter- 
minated signal while Figure 4 shows an improperly terminat- 
ed signal. 


> 


CM 



20ns/div 


TL/H/12336-15 

FIGURE 4. Improperly Terminated Signal 

To minimize reflection, coaxial cable with matching charac- 
teristic impedance to the signal source should be used. The 
other end of the cable should be terminated with the same 
value terminator or resistor. For the commonly used cables, 
RG59 has 7511 characteristic impedance, and RG58 has 
5011 characteristic impedance. 

Driving Capacitive Loads 

Amplifiers driving capacitive loads can oscillate or have ring- 
ing at the output. To eliminate oscillation or reduce ringing, 
an isolation resistor can be placed as shown below in Figure 
5. The combination of the isolation resistor and the load 
capacitor forms a pole to increase stability by adding more 
phase margin to the overall system. The desired perform- 
ance depends on the value of the isolation resistor; the big- 
ger the isolation resistor, the more damped the pulse re- 
sponse becomes. For LM6171, a 500 isolation resistor is 
recommended for initial evaluation. Figure 6 shows the 
LM6171 driving a 200 pF load with the 500 isolation resis- 
tor. 



20ns/div 

TL/H/12336-14 

FIGURE 3. Properly Terminated Signal 




100 ns/div 

TL/H/ 12336- 16 

FIGURE 6. The LM6171 Driving a 200 pF Load 
with a 500 Isolation Resistor 

Power Dissipation 

The maximum power allowed to dissipate in a device is de- 
fined as: 

P D = (Tj(max) “ Ta)/0ja 
Where Pq is the power dissipation in a device 

Tj(max) is the maximum junction temperature 
Ta is the ambient temperature 
0ja is the thermal resistance of a particular package 
For example, for the LM6171 in a SO-8 package, the maxi- 
mum power dissipation at 25°C ambient temperature is 
730 mW. 

Thermal resistance, 0ja, depends on parameters such as 
die size, package size and package material. The smaller 
the die size and package, the higher 0 ja becomes. The 8- 
pin DIP package has a lower thermal resistance (108°C/W) 
than that of 8-pin SO (172°C/W). Therefore, for higher dissi- 
pation capability, use an 8-pin DIP package. 

The total power dissipated in a device can be calculated as: 
P D = Pq + P L 

Pq is the quiescent power dissipated in a device with no 
load connected at the output. P L is the power dissipated in 
the device with a load connected at the output; it is not the 
power dissipated by the load. 

Furthermore, 

Pq = supply current X total supply voltage 
with no load 

P[_ = output current x (voltage difference 
between supply voltage and output 
voltage of the same supply) 
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Application Information (Continued) 

For example, the total power dissipated by the LM6171 with 
Vs = ± 15V and output voltage of 10V into 1 kfl load resis- 
tor (one end tied to ground) is 
Pd = Pq + Pl 

= (2.5 mA) X (30V) + (10 mA) X (15V - 10V) 
= 75 mW + 50 mW 
= 125 mW 


Application Circuits 


Fast Instrumentation Amplifier 



V, N = V2 - VI 

if R6 = R2, R7 = R5 and R1 = R4 


V QUT 

V| N 



= 3 


Multivibrator 

R1 



2 ( R1CI "( 1 + 2 1 )) 


f = 4 MHz 


Pulse Width Modulator 


R1 



Design Kit 

A design kit is available for the LM6171 . The design kit con- 
tains: 

■ High Speed Evaluation Board 

■ LM6171 in 8-pin DIP Package 

■ LM6171 Datasheet 

■ Pspice Macromodel Diskette With the LM6171 Macro- 
model 

■ An Amplifier Selection Guide 

Pitch Pack 

A pitch pack is available for the LM6171. The pitch pack 
contains: 

■ High Speed Evaluation Board 

■ LM6171 in 8-pin DIP Package 

■ LM6171 Datasheet 

■ Pspice Macromodel Diskette With the LM6171 Macro- 
model 

Contact your local National Semicojnductor sales office to 
obtain a pitch pack. 


i{ 

I 

1 
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National Semiconductor 


LM6181 100 mA, 100 MHz Current Feedback Amplifier 


General Description 

The LM6181 current-feedback amplifier offers an unparal- 
leled combination of bandwidth, slew-rate, and output cur- 
rent. The amplifier can directly drive up to 100 pF capacitive 
loads without oscillating and a 10V signal into a 50ft or 75ft 
back-terminated coax cable system over the full industrial 
temperature range. This represents a radical enhancement 
in output drive capability for an 8-pin DIP high-speed amplifi- 
er making it ideal for video applications. 

Built on National’s advanced high-speed VIPtm h (Vertically 
Integrated PNP) process, the LM6181 employs current- 
feedback providing bandwidth that does not vary dramati- 
cally with gain; 100 MHz at Ay = -1, 60 MHz at Ay = 
- 1 0. With a slew rate of 2000V/ /as, 2nd harmonic distortion 
of -50 dBc at 10 MHz and settling time of 50 ns (0.1 %) the 
LM6181 dynamic performance makes it ideal for data acqui- 
sition, high speed ATE, and precision pulse amplifier appli- 
cations. 


Features (Typical unless otherwise noted) 

■ Slew rate 2000 V/jits 

■ Settling time (0.1%) 50 ns 

■ Characterized for supply ranges ± 5V and ± 1 5V 

■ Low differential gain and phase error 0.05%, 0.04° 

■ High output drive ±10V into 100ft 

■ Guaranteed bandwidth and slew rate 

■ Improved performance over EL2020, OP160, AD844, 
LT 1 223 and HA5004 


Applications 

■ Coax cable driver 

■ Video amplifier 

■ Flash ADC buffer 

■ High frequency filter 

■ Scanner and Imaging systems 


Typical Application 



V|N 

(2V/div) 



Vqut 

(2V/div) 


TIME (50ns/div) 

TL/H/1 1328-2 


Connection Diagrams (For Ordering Information See Back Page) 


8-Pin Dual-In-Line Package (N)/ 
Small Outline (M-8) 



Order Number LM6181IN, LM6181AIN, 
LM6181AMN, LM6181AIM-8, LM6181IM-8 
or LM6181AMJ/883 

See NS Package Number J08A, M08A or N08E 


16-Pin Small Outline Package (M) 



See NS Package Number M16A 
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Absolute Maximum Ratings (Note d 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage ± 1 8V 

Differential Input Voltage ± 6V 

Input Voltage ± Supply Voltage 

Inverting Input Current 1 5 mA 

Soldering Information 

Dual-ln-Line Package (N) Soldering (1 0 sec) 260°C 

Small Outline Package (M) 

Vapor Phase (60 seconds) 21 5°C 

Infrared (1 5 seconds) 220°C 


Output Short Circuit 
Storage Temperature Range 
Maximum Junction Temperature 
ESD Rating (Note 2) 


(Note 7) 
— 65°C ^ Tj ^ + 1 50°C 
150°C 
± 3000V 


Operating Ratings 

Supply Voltage Range 
Junction Temperature Range (Note 3) 

LM61 81 AM - 55°C <1 Tj <; + 1 25°C 

LM6181AI, LM6181I 
Thermal Resistance (0ja, 0jc) 

8-pin DIP (N) 

8-pin SO (M-8) 

16-pin SO (M) 


7V to 32V 


— 40°C ^ Tj ^ + 85°C 

1 02°C/W, 42°C/W 
1 53°C/W, 42°C/W 
70°C/W, 38°C/W 


± 15V DC Electrical Characteristics 

The following specifications apply for Supply Voltage = ± 1 5V, Rp = 820ft, and R|_ = 1 kft unless otherwise noted. Boldface 
limits apply at the temperature extremes; all other limits Tj = 25°C. 





LM6181AM 

LM6181AI 

LM6181I 


Symbol 

Parameter 

Conditions 

Typical 

Limit 

Typical 

Limit 

Typical 

Limit 

Units 




(Note 4) 

(Note 5) 

(Note 4) 

(Note 5) 

(Note 4) 

(Note 5) 


Vos 

Input Offset Voltage 


2.0 

3.0 

2.0 

3.0 

3.5 

5.0 

mV 





4.0 


3.5 


5.5 

max 

TCVos 

Input Offset Voltage Drift 


5.0 


5.0 


5.0 



>B 

Inverting Input Bias Current 





5.0 










12.0 



fiA 


Non-Inverting Input Bias Current 


0.5 


■ 


2.0 

3.0 

max 






■ I 



5.0 


tci b 

Inverting Input Bias Current Drift 


30 


mm 






Non-Inverting Input Bias 

Current Drift 


10 

■ 

D 

■ 

D 



•b 

Inverting Input Bias Current 

V s = + 4.5V, ± 16V 

0.3 

0.5 



0.3 

0.75 


PSR 

Power Supply Rejection 



3.0 




4.5 



Non-Inverting Input Bias Current 

V s = + 4.5V, +16V 

0.05 

0.5 


1 

0.05 

0.5 



Power Supply Rejection 



1.5 


El 


3.0 

juA/V 

<B 

Inverting Input Bias Current 

-10V ^ V C m^ +10V 

0.3 

0.5 

0.3 

0.5 

0.3 

0.75 

max 

CMR 

Common Mode Rejection 



0.75 


0.75 


1.0 



Non-Inverting Input Bias Current 

-10V <; V C M ^ +10V 

0.1 

0.5 

0.1 

0.5 

0.1 

0.5 



Common Mode Rejection 



0.5 


0.5 


0.5 


CMRR 

Common Mode Rejection Ratio 

-lov <; v C m^ +iov 

60 

50 

60 

50 



dB 





50 


50 



min 

PSRR 

Power Supply Rejection Ratio 

V s = ±4.5V, + 16V 

80 

70 

80 

70 

80 

70 

dB 





70 


70 


65 

min 

Ro 

Output Resistance 

A v = -1,f = 300 kHz 

0.2 


0.2 




n 

Rin 

Non-Inverting Input Resistance 


10 


10 


H 


Mn 

min 

v 0 

Output Voltage Swing 

R L = 1 k ft 




11 

ma 







MSm 


11 

■ I 

ByyH 




r l = ioon 




■I 

11 

10 






iFrWn: 

Hi 



8.0 


•sc 

Output Short Circuit Current 





mm 

130 

100 








■SI 


85 
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LM6181 


± 15 V DC Electrical Characteristics (Continued) ' 

The following specifications apply for Supply Voltage = ± ;; 15V, Rp = 820H, and R|_; — 1 kfl unless otherwise noted. Boldface 
limits apply at the temperature extremes; all other limits Tj = 25°C. 





LM6181AM 

LM6181AI 

LM6181I 


Symbol 

Parameter 

Conditions 

Typical 

Limit 

Typical 

Limit 

Typical 

Limit 

Units 




(Note 4) 

(Note 5) 

(Note 4) 

(Note 5) 

(Note 4) 

(Note 5) 


z T 

Transimpedance 

r l = i ,k ft 

1.8 

1.0 

1.8 

1.0 

1.8 

0.8 






0.5 


0.5 


0.4 

Mn 



r l = iooft 

1.4 

0.8 

1.4 

0.8 

1:4 

0.7 

min 





0.4 


0.4 


0.35 


is 

Supply Current 

No Load, V 0 = OV 

7.5 

10 

7.5 

10 

7.5 

10 

mA 





10 


10 


10 

max 

VCM 

Input Common Mode 


V+ - 1.7V 


V + - 1.7V 


V+ - 1.7V 


v 


Voltage Range 


V- + 1.7V 


V- + 1.7V 


V- + 1.7V 




± 15 V AC Electrical Characteristics 

The following specifications apply for Supply Voltage = ±15V, Rp = 820ft, R[_ = 1 kft unless otherwise noted. Boldface 
limits apply at the temperature extremes; all other limits Tj = 25°C. 


Symbol 

Parameter 

Conditions 

LM6181AM 

LM6181AI 

LM6181I 

Units 

Typical 
(Note 4) 


Typical 
(Note 4) 

Limit 
(Note 5) 

Typical 
(Note 4) 

Limit 
(Note 5) 

BW 

Closed Loop Bandwidth 
—3 dB 

A v = +2 



1^1 




MHz 

min 

A v = +10 

80 






A v = -1 

100 

80 

mol 




A v = -10 

60 


60 


60 


PBW 

Power Bandwidth 

Ay — — 1 , Vq = 5 Vpp 



60 


Bl 


SR 

Slew Rate 

Overdriven 





E39 


V/jLtS 

min 

A v = -1, V 0 = ±10V, 
R l = 150ft (Note 6) 

1400 

1000 

1400 

1000 

1400 

1000 


Settling Time (0.1 %) 

A v = — 1, V 0 = ±5V 

R l = 150H 






■ 

ns 

V.tf 

Rise and Fall Time 

Vo = 1 Vpp 

5 


5 


5 


l P 

Propagation Delay Time 

Vo = 1 Vpp 

6 


6 


6 


•n(+) 

Non-Inverting Input Noise 
Current Density 

f = 1 kHz 



a 




pA/i/Hz 

*n(— ) 

Inverting Input Noise 

Current Density 

f = 1 kHz 

16 

■ 


■ 

16 


PA/a/Hz 

©n 

Input Noise Voltage Density 

f = 1 kHz 

4 


4 


4 


nV/VHz 


Second Harmonic Distortion 

2 Vpp, 10 MHz 

-50 


-50 


-50 


dBc 


Third Harmonic Distortion 

2 Vpp, 10 MHz 





-50 



Differential Gain 

R L = 150n 

A v = +2 

NTSC 


■ 



0.05 


% 


Differential Phase 

R l = 1500 

A v = +2 

NTSC 

0.04 


0.04 


0.04 


Deg 
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± 5V DC Electrical Characteristics 

The following specifications apply for Supply Voltage = ± 5V, Rp = 8200, and R|_ = 1 kO unless otherwise noted. Boldface 
limits apply at the temperature extremes; all other limits Tj = 25°C. 





LM6181AM 

LM6181AI 

LM6181I 


Symbol 

Parameter 

Conditions 

Typical 

Limit 

Typical 

Limit 

Typical 

Limit 

Units 




(Note 4) 

(Note 5) 

(Note 4) 

(Note 5) 

(Note 4) 

(Note 5) 


Vos 

Input Offset Voltage 


1.0 

2.0 

1.0 

2.0 

1.0 

3.0 

mV 





3.0 


2.5 


3.5 

max 

TCVos 

Input Offset Voltage Drift 


2.5 


2.5 


2.5 


JLlV/°C 

•b 

Inverting Input 


5.0 

10 

5.0 

10 

5.0 

17.5 



Bias Current 



22 


22 


27.0 

juA 


Non-Inverting Input 


0.25 

1.5 

0.25 

1.5 

0.25 

3.0 

max 


Bias Current 



1.5 


1.5 


5.0 


TCIb 

Inverting Input Bias 

Current Drift 


50 


50 


50 


nA/°C 











Non-Inverting Input 

Bias Current Drift 


3.0 


3.0 


3.0 



•b 

Inverting Input Bias Current 

V s = + 4.0V, ±6.0V 

0.3 

0.5 

0.3 

0.5 

0.3 

1.0 


PSR 

Power Supply Rejection 



0.5 


0.5 


1.0 



Non-Inverting Input 

Bias Current 

V s = + 4.0V, ±6.0V 

0.05 

0.5 

0.05 

0.5 

0.05 

0.5 



Power Supply Rejection 



0.5 


0.5 


0.5 

jaA/V 

•b 

Inverting Input Bias Current 

-2.5V ^ V C m ^ +2.5V 

0.3 

0.5 

0.3 

0.5 

0.3 

1.0 

max 

CMR 

Common Mode Rejection 



1.0 


1.0 


1.5 



Non-Inverting Input 

Bias Current 

-2.5V ^ V C m^ +2.5V 

0.12 

0.5 

0.12 

0.5 

0.12 

0.5 



Common Mode Rejection 



1.0 


0.5 


0.5 


CMRR 

Common Mode 

-2.5V ^ V C m ^ +2.5V 

57 

50 

57 

50 

57 

50 



Rejection Ratio 



47 


47 


47 

dB 

PSRR 

Power Supply 

V s = +4.0V, ±6.0V 

80 

70 

80 

70 

80 

64 

min 


Rejection Ratio 



70 


70 


64 


Ro 

Output Resistance 

A v = — 1 , f = 300 kHz 

0.25 


0.25 


0.25 


O 

Rin 

Non-Inverting 


8 


8 


8 


MO 


Input Resistance 








min 

v 0 

Output Voltage Swing 

R L = 1 ko 

2.6 

2.25 

2.6 

2.25 

2.6 

2.25 






2.2 


2.25 


2.25 

V 



R L = 1000 

2.2 

2.0 

2.2 

2.0 

2.2 

2.0 

min 





2.0 


2.0 


2.0 


>sc 

Output Short 


100 

75 

100 

75 

100 

75 

mA 


Circuit Current 



70 


70 


70 

min 

Z T 

Transimpedance 

R L = 1 ko 

1.4 

0.75 

1.4 

0.75 

1.0 

0.6 






0.35 


0.4 


0.3 

MO 

min 



R l = 100.0 

1.0 

0.5 

1.0 

0.5 

1.0 

0.4 





0.25 


0.25 


0.2 


•s 

1 

Supply Current 

No Load, V 0 = OV 

6.5 

8.5 

6.5 

8.5 

6.5 

8.5 

mA 





8.5 


8.5 


8.5 

max 

VCM 

Input Common Mode 


V+ - 1.7V 


V+ - 1.7V 


V+ - 1.7V 


y 


Voltage Range 


V- + 1.7V 


V- + 1.7V 


V- + 1.7V 
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+ 5V AC Electrical Characteristics 

The following specifications apply for Supply Voltage = ±5V, Rp = 820ft, and Rl = 1 kft unless otherwise noted. Boldface 
limits apply at the temperature extremes; all other limits Tj = 25°C. 



Parameter 

Conditions 

LM6181AM 

LM6181AI 

LM6181I 

Units 

Typical 
(Note 4) 


Typical 
(Note 4) 


Typical 
(Note 4) 

Limit 
(Note 5) 


Closed Loop Bandwidth -3 dB 

A v = +2 

50 


50 


50 


MHZ 

min 

A v = +10 

40 


40 


40 


A v = -1 

55 




I3E9I 

35 

A v = -10 

35 




| 


PBW 

Power Bandwidth 

Av — — 1 , Vq = 4 Vpp 

40 




40 


SR 

Slew Rate 

A v = — 1, V 0 = ±2V, 
R l = 150ft (Note 6) 

500 





375 

V/ju.s 

min 

ts 

Settling Time (0.1 %) 

A v = -1, V 0 = ±2V 
R L = 150ft 

50 

BH 

50 




ns 

V.tf 

Rise and Fall Time 

Vo — 1 Vpp 



8.5 




t P 

Propagation Delay Time 

Vo — 1 Vpp 

8 


8 


8 


•n( + ) 

Non-Inverting Input Noise 
Current Density 

f = 1 kHz 



D 

■ 



pA/>/Hz 

'n(-) 

Inverting Input Noise 

Current Density 

f = 1 kHz 

16 




16 

■ 

pA/VHz 

e n 

Input Noise Voltage Density 

f = 1 kHz 

4 


4 


4 


nV/i/Hz 


Second Harmonic Distortion 

2 Vpp, 10 MHz 

-45 






dBc 


Third Harmonic Distortion 

2 Vpp, 10 MHz 

-55 


-55 


-55 



Differential Gain 

R l = 150ft 

A v = +2 

NTSC 

0.063 


0.063 


0.063 


% 


Differential Phase 

R L = 150ft 

A v = +2 

NTSC 

0.16 


0.16 


0.16 


Deg 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating ratings indicate conditions the device is intended to 
be functional, but device parameter specifications may not be guaranteed under these conditions. For guaranteed specifications and test conditions, see the 
Electrical Characteristics. 

Note 2: Human body model 100 pF and 1.5 kft. 

Note 3: The typical junction-to-ambient thermal resistance of the molded plastic DIP(N) package soldered directly into a PC board is 102°C/W. The junction-to-am- 
bient thermal resistance of the S.O. surface mount (M) package mounted flush to the PC board is 70°C/W when pins 1, 4, 8, 9 and 16 are soldered to a total 2 in 2 
1 oz. copper trace. The 16-pin S.O. (M) package must have pin 4 and at least one of pins 1 , 8, 9, or 16 connected to V - for proper operation. The typical junction- 
to-ambient thermal resistance of the S.O. (M-8) package soldered directly into a PC board is 1 53°C/W. 

Note 4: Typical values represent the most likely parametric norm. 

Note 5: All limits guaranteed at room temperature (standard type face) or at operating temperature extremes (bold face type). 

Note 6: Measured from +25% to +75% of output waveform. 

Note 7: Continuous short circuit operation at elevated ambient temperature can result in exceeding the maximum allowed junction temperature of 150°C. Output 
currents in excess of ±130 mA over a long term basis may adversely affect reliability. 

Note 8: For guaranteed Military Temperature Range parameters see RETS6181X. 
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(3 dB/DIV) VOLTAGE GAIN (3 dB/DIV) VOLTAGE GAIN (3 dB/DIV) (3dB/DIV) 



SHIFT (DEGREES) 






l z Tl BW ( MHz ) VOLTAGE GAIN (3 dB/DIV) 


00 

CD 


Typical Performance Characteristics Ta = 25°C unless otherwise noted (Continued) 


NON-INVERTING GAIN 
FREQUENCY RESPONSE 
V s = ± 15V; Ay = +10; 


NON-INVERTING GAIN 
FREQUENCY RESPONSE 
V s = ±5V; A v = +10; 



o° 

45° -£■ 

90° £ 

o 

135° S 



0 ° 

45° 
90° 
135° 
180° | 


NON-INVERTING GAIN 
FREQUENCY COMPENSATION 
V s = ± 15V; Ay = +2; 

R l = 1500 


mn 

Rf = 1.i 

Till 




kn 




1 1 II 

Rp = 1-5 





kXI 




Mil 

“ Rf = 1.C 

mr= 




)kA 



:: r 

i 1 1 min 

ss=: 

=s: 

s t 

Rp = 820A 






mi 



:: it 

_ 


llll 



.. 


1M 10M 100M 


BANDWIDTH vs R f & R s 
Ay = -1,R L = IkO 



0.5 1.0 1.5 2.0 2.5 3.0 3.5 


Rf & Rs (kft) 


OUTPUT SWING vs 
Rload PULSED, V s = ± 15V, 
l, N = ±200 fxA, V,n+ = 0V 



TRANSIMPEDANCE 
vs FREQUENCY 
V s = ± 15V 
R L = 1 kO 

130 
120 
110 
100 
g 9° 

3 80 

^ 70 

60 
50 
40 
30 

Ik 10k 100k 1M 10M 100M 



TRANSIMPEDANCE 
vs FREQUENCY 
V s - ±15V 
R l = 1000 



Ik 10k 100k 1M 10M 100M 


TRANSIMPEDANCE 
vs FREQUENCY 
V s = ±5V 
R L = 1 kft 



Ik 10k 100k 1M 10M 100M 


TRANSIMPEDANCE 
vs FREQUENCY 
V S = ±5V 
R l = 100ft 



Ik 10k 100k 1M 10M 100M 


SETTLING RESPONSE 
V s = ±15V; R l = 150ft; 
V 0 = ± 5V; Ay - -1 


FALLING 
EDGE 10 mV 
/DIV 


RISING 

EDGE 


m 


r 


SETTLING RESPONSE 
V s = ±5 V;R l = 150ft; 
V 0 = ±2V; Ay = -1 


EDGE 5 mV 
-0.2% /° 1V 
+0.2% 


-0.2% RISING 
EDGE 




r 









1 








START 

\r 








3 

V 








STAR 




_ 


















] 














Ij 









to 





_ 




-0.25% 

+0.25% 


20ns/div 


20ns/div 


SUGGESTED R f and R s for C L 
Ay = - 1; R l = 150ft 



0.5 1.0 1.5 2.0 2.5 3.0 3.5 


Rf & Rs (kfl) 


TL/H/1 1328-6 




1 


1 


LM6181 






LM6181 


Typical Performance Characteristics Ta - 25°C unless otherwise noted (Continued) 


-3dB BANDWIDTH 
vs TEMPERATURE 



-60 -40 -20 0 20 40 60 80 100 120 


TEMPERATURE (°C) 


SMALL SIGNAL PULSE 
RESPONSE vs TEMP, Ay = + 1 
V£ = ±15V;R l = 1 kft 
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SMALL SIGNAL PULSE 
RESPONSE vs TEMP, A v = + 1 
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RESPONSE vs TEMP, A v = +1 
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SMALL SIGNAL PULSE 
RESPONSE vs TEMP, Ay = + 1 
V s = ±5 V;R l = 100ft 
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SMALL SIGNAL PULSE 
RESPONSE vs TEMP, Ay = - 1 
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SMALL SIGNAL PULSE 
RESPONSE vs TEMP, Ay = - 1 
V s — ± 15V; R l = 100ft 
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SMALL SIGNAL PULSE 
RESPONSE vs TEMP, Ay = + 2 
V S - ± 15V; Rl = 1 kft 
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SMALL SIGNAL PULSE 
RESPONSE vs TEMP, Ay = - 1 
V s = ±5 V;R l = 1 kft 
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SMALL SIGNAL PULSE 
RESPONSE vs TEMP, Ay = +2 
V s = ±15V;R L = 100ft 
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RESPONSE vs TEMP, Ay = -1 
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SMALL SIGNAL PULSE 
RESPONSE vs TEMP, Ay = + 2 
V s = ± 5 V; R L — 1 kft 
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Typical Performance Characteristics Ta = 25°C unless otherwise noted (Continued) 


SMALL SIGNAL PULSE 
RESPONSE vs TEMP, A v = + 2 
V s = ±5 V;R l = iooa 
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TEMPERATURE (°C) 


SMALL SIGNAL PULSE 
RESPONSE vs TEMP, A v = - 10 
V s = ±5 V;R l = Ikft 
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SMALL SIGNAL PULSE 
RESPONSE vs TEMP, A v = + 10 
V s =» ± 15V; R l = 100ft 
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OFFSET VOLTAGE 
vs TEMPERATURE 
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SMALL SIGNAL PULSE 
RESPONSE vs TEMP, A v = - 10 
V s = ±15V;R l = Ikft 
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SMALL SIGNAL PULSE 
RESPONSE vs TEMP, A v = - 10 
V s = ±5 V;R l = 100ft 
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RESPONSE vs TEMP, Ay = + 10 
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SMALL SIGNAL PULSE 
RESPONSE vs TEMP, A V = 
V s = ±15 V;R l = 100ft 
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SMALL SIGNAL PULSE 
RESPONSE vs TEMP, A v = 
V s = ± 15V; R L = 1 kft 
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SMALL SIGNAL PULSE 
RESPONSE vs TEMP, A v = +10 
V s = ±5V;R l = 100ft 
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TRANSIMPEDANCE 
vs TEMPERATURE 
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LM6181 




CMR (jtA/V) PSR (mA/V) CMRR (dB) Z T (Mil) 


S Typical Performance Characteristics ta = 25 °c unless otherwise noted (Continued) 


TRANSIMPEDANCE vs 
TEMPERATURE 



-55 -35 -15 5 25 45 65 8S 
TEMPERATURE (°C) 


QUIESCENT CURRENT 
vs TEMPERATURE 
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PSRR vs TEMPERATURE 

10 0 I ~ I" r -T-T— T T I T 
90 L V s = ±15V TO ±5V 
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CMRR vs TEMPERATURE 
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NON-INVERTING BIAS 
CURRENT vs TEMPERATURE 
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INVERTING BIAS 
CURRENT vs TEMPERATURE 
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vs TEMPERATURE 
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PSR l B( _) vs TEMPERATURE 
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CMR l B( _) vs TEMPERATURE 


l SC (+) vs TEMPERATURE 


«SC( ) vs TEMPERATURE 
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Typical Performance Characteristics 


Absolute Maximum Power Derating Curves 



-60 -40 -20 0 20 40 60 80 100 120 140 

T a AMBIENT TEMP (°C) 

N-Package 


TL/H/1 1328-30 



-60 -40 -20 0 20 40 60 80 100 120 140 


T a AMBIENT TEMP (°C) 

M-Package 

*0ja = Thermal Resistance with 2 square inches of 1 ounce Copper tied to Pins 1, 8, 9 and 16. 


TL/H/1 1328-31 
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T A AMBIENT TEMP (°C) 

M-8 Package 
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LM6181 


Typical Performance Characteristics (Continued) 


Simplified Schematic 
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Typical Applications 

CURRENT FEEDBACK TOPOLOGY 

For a conventional voltage feedback amplifier the resulting 
small-signal bandwidth is inversely proportional to the de- 
sired gain to a first order approximation based on the gain- 
bandwidth concept. In contrast, the current feedback ampli- 
fier topology, such as the LM6181, transcends this limitation 
to offer a signal bandwidth that is relatively independent of 
the closed-loop gain. Figures la and 1b illustrate that for 
closed loop gains of -1 and -5 the resulting pulse fidelity 
suggests quite similar bandwidths for both configurations. 



VOUT 

(Q.tV/div) 



TIME (5 ns/div) 


TL/H/1 1328-13 


1b 

FIGURES la, 1b: Variation of Closed Loop Gain 
from - 1 to -5 Yields Similar Responses 


The closed-loop bandwidth of, the LM6181 depends on the 
feedback resistance, Rf. Therefore, Rs and not Rf, must be 
varied to adjust for the desired closed-loop gain as in 
Figure 2. 



TL/H/1 1328-14 

FIGURE 2. R s Is Adjusted to Obtain 
the Desired Closed Loop Gain, Avcl 

POWER SUPPLY BYPASSING AND LAYOUT 
CONSIDERATIONS 

A fundamental requirement for high-speed amplifier design 
is adequate bypassing of the power supply. It is critical to 
maintain a wideband low-impedance to ground at the ampli- 
fiers supply pins to insure the fidelity of high speed amplifier 
transient signals. 10 jaF tantalum and 0.1 jitF ceramic by- 
pass capacitors are recommended for each supply pin. The 
bypass capacitors should be placed as close to the amplifier 
pins as possible (0.5" or less). 

FEEDBACK RESISTOR SELECTION: R f 

Selecting the feedback resistor, Rf, is a dominant factor in 
compensating the LM6181. For general applications the 
LM6181 will maintain specified performance with an 820ft 
feedback resistor. Although this value will provide good re- 
sults for most applications, it may be advantageous to ad- 
just this value slightly. Consider, for instance, the effect on 
pulse responses with two different configurations where 
both the closed-loop gains are 2 and the feedback resistors 
are 820ft, and 1640ft, respectively. Figures 3a and 3b illus- 
trate the effect of increasing Rf while maintaining the same 
closed-loop gain — the amplifier bandwidth decreases. Ac- 
cordingly, larger feedback resistors can be used to slow 
down the LM6181 (see -3 dB bandwidth vs Rf typical 
curves) and reduce overshoot in the time domain response. 
Conversely, smaller feedback resistance values than 820ft 
can be used to compensate for the reduction of bandwidth 
at high closed loop gains, due to 2nd order effects. For 
example Figure 4 illustrates reducing Rf to 500ft to estab- 
lish the desired small signal response in an amplifier config- 
ured for a closed loop gain of 25. 


V 0UT 
(0.5V/ div) 


(0.5V/div) 


TIME (20 ns/div) 

TL/H/1 1328-15 

3a: Rf = 820ft 
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Typical Applications (Continued) 



FIGURES 3a, b: Increasing Compensation 
with Increasing Rf 



TL/H/ 11328-17 

FIGURE 4: Reducing Rf for Large 
Closed Loop Gains, Rf = 500 H 


SLEW RATE CONSIDERATIONS 

The slew rate characteristics of current feedback amplifiers 
are different than traditional voltage feedback amplifiers. In 
voltage feedback amplifiers slew rate limiting or non-linear 
amplifier behavior is dominated by the finite availability of 
the 1st stage tail current charging the compensation capaci- 
tor. The slew rate of current feedback amplifiers, in contrast, 
is not constant. Transient current at the inverting input de- 
termines slew rate for both inverting and non-inverting 
gains. The non-inverting configuration slew rate is also de- 
termined by input stage limitations. Accordingly, variations 
of slew rates occur for different circuit topologies. 

DRIVING CAPACITIVE LOADS 

The LM6181 can drive significantly larger capacitive loads 
than many current feedback amplifiers. Although the 
LM6181 can directly drive as much as 100 pF without oscil- 
lating, the resulting response will be a function of the feed- 
back resistor value. Figure 5 illustrates the small-signal 
pulse response of the LM6181 while driving a 50 pF load. 
Ringing persists for approximately 70 ns. To achieve pulse 
responses with less ringing either the feedback resistor can 
be increased (see typical curves Suggested Rf and R s for 
Cl), or resistive isolation can be used (10ft-51H typically 
works well). Either technique, however, results in lowering 
the system bandwidth. 


Figure 6 illustrates the improvement obtained with using a 
47fl isolation resistor. 

8200 




FIGURES 5a, b: A v = -1, LM6181 Can Directly 
Drive 50 pF of Load Capacitance with 70 ns 
of Ringing Resulting in Pulse Response 




FIGURES 6a, b: Resistive Isolation of Cl 
P rovides Higher Fidelity Pulse Response. Rf 
and Rs Could Be Increased to Maintain Ay = - 1 
and Improve Pulse Response Characteristics. 
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Typical Applications (Continued) 

CAPACITIVE FEEDBACK 

For voltage feedback amplifiers it is quite common to place 
a small lead compensation capacitor in parallel with feed- 
back resistance, Rf. This compensation serves to reduce 
the amplifier’s peaking in the frequency domain which 
equivalently tames the transient response. To limit the 
bandwidth of current feedback amplifiers, do not use a ca- 
pacitor across Rf. The dynamic impedance of capacitors in 
the feedback loop reduces the amplifier’s stability. Instead, 
reduced peaking in the frequency response, and bandwidth 
limiting "can be accomplished by adding an RC circuit, as 
illustrated in Figure 7b. 


v+ 



v OUT 

(0.2V/div) 


TIME (50 ns/div) 
7b 


TL/H/1 1328-23 



FIGURES 7a, b: RC Limits Amplifier 
Bandwidth to 50 MHz, Eliminating 
Peaking in the Resulting Pulse Response 


Typical Performance 
Characteristics 

OVERDRIVE RECOVERY 

When the output or input voltage range of a high speed 
amplifier is exceeded, the amplifier must recover from an 
overdrive condition. The typical recovery times for open- 
loop, closed-loop, and input common-mode voltage range 
overdrive conditions are illustrated in Figures 9, 11 and 12, 
respectively. 

The open-loop circuit of Figure 8 generates an overdrive 
response by allowing the ±0.5V input to exceed the linear 
input range of the amplifier. Typical positive and negative 
overdrive recovery times shown in Figure 9 are 5 ns and 
25 ns, respectively. 



V|N 

(0.5V/div) 


VoUT 

(2V/div) 


TIME (50 ns/div) 



TL/H/1 1328-25 

FIGURE 9. Open-Loop Overdrive Recovery Time of 5 ns, 
and 25 ns from Test Circuit in Figure 8 
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Typical Performance 
Characteristics (Continued) 

The large closed-loop gain configuration in Figure 10 forces 
the amplifier output into overdrive. Figure 11 displays the 
typical 30 ns recovery time to a linear output value. 



V 0UT 

(5V/div) 


V|N 

(0.5V/div) 



TIME (SO ns/div) 


TL/H/1 1328-27 


FIGURE 11. Closed-Loop Overdrive Recovery 
Time of 30 ns from Exceeding Output 
Voltage Range from Circuit in Figure 10 


The common-mode input of the circuit in Figure 10 is ex- 
ceeded by a 5 V pulse resulting in a typical recovery time of 
310 ns shown in Figure 12. The LM6181 supply voltage is 
±5V. 



v 0UT 

(2V/div) 


V|N 

(2V/div) 


TL/H/1 1328-28 


FIGURE 12. Exceptional Output 
Recovery from an Input that 
Exceeds the Common-Mode Range 



Ordering Information 



Temperature Range 

NSC 

Drawing 

Package 

Military 

— 55°C to +125°C 

Industrial 
— 40°C to + 85°C 

8-Pin 

LM6181AMN 

LM6181AIN 

N08E 

Molded DIP 


LM6181IN 

8-Pin Small Outline 


LM6181 AIM-8 

M08A 

Molded Package 


LM6181IM-8 

16-Pin 


LM6181 AIM 

M16A 

Small Outline 


LM6181IM 

8-Pin 

Ceramic DIP 

LM6181AMJ/883 


J08A 
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National Semiconductor 


LM6182 Dual 

100 mA Output, 100 MHz Current Feedback Amplifier 


General Description 

The LM6182 dual current feedback amplifier offers an un- 
paralleled combination of bandwidth, slew-rate, and output 
current. Each amplifier can directly drive a 2V signal into a 
50ft or 75ft back-terminated coax cable system over the 
full industrial temperature range. This represents a radical 
enhancement in output drive capability for a dual 8-pin high- 
speed amplifier making it ideal for video applications. 

Built on National’s advanced high-speed VIP I|tm (Vertically 
Integrated PNP) process, the LM6182 employs current- 
feedback providing bandwidth that does not vary dramati- 
cally with gain; 100 MHz at Av = -1, 60 MHz at Av = 
- 10. With a slew rate of 2000 V/jutsec, 2nd harmonic distor- 
tion of -50 dBc at 10 MHz and settling time of 50 ns 
(0.1 %), the two independent amplifiers of the LM6182 offer 
performance that is ideal for data acquisition, high-speed 
ATE, and precision pulse amplifier applications. 

See the LM6181 data sheet for a single amplifier with these 
same features. 


Features (Typical unless otherwise noted) 


■ Slew Rate 

2000 V/jas 

■ Closed Loop Bandwidth 

100 MHz 

■ Settling Time (0.1%) 

50 ns 

■ Low Differential Gain and Phase Error 

0.05%, 0.04° 

R l = 150ft 


■ Low Offset Voltage 

2 mV 

■ High Output Drive 

+ 10V into 150ft 

■ Characterized for Supply Ranges 

± 5V and ±15V 

■ Improved Performance over OP260 and LT1229 


Applications 

■ Coax Cable Driver 

■ Professional Studio Video Equipment 

■ Flash ADC Buffer 

■ PC and Workstation Video Boards 

■ Facsimile and Imaging Systems 


Typical Application 


1/2 LM6182 



V IN 

(0.5V/DIV) 


VOUT 

(0.5V/DIV) 



TIME (50ns/DIV) 


TL/H/1 1926-2 
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Connection Diagrams 


Dual-In-Line Package (J) 



Order Number LM6182AMJ/883 
See NS Package Number J14A 


Small Outline Package (M) 


INVERTING INPUT 
NON-INVERTING INPUT 


NON-INVERTING INPUT 
INVERTING INPUT 



*Heat Sinking Pins (Note 3) 

Order Number LM6182IM or LM6182AIM 
See NS Package Number M16A 


Dual-ln-Line Package (N) 


INVERTING INPUT A 


NON-INVERTING INPUT A 



INVERTING INPUT B 


NON-INVERTING INPUT B 


Order Number LM6182IN, LM6182AIN or LM6182AMN 
See NS Package Number N08E 
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Absolute Maximum Ratings (Note d 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage ± 1 8V 

Differential Input Voltage ± 6V 

Input Voltage ± Supply Voltage 

Inverting Input Current 15 mA 

Output Short Circuit (Note 4) 

Soldering Information 

Dual-In-Line Package (N) Soldering (1 Os) 260°C 


Small Outline Package (M) 

Vapor Phase (60s) 

Infrared (15s) 

Storage Temperature Range 
Junction Temperature 
ESD Rating (Note 2) 

Operating Ratings 

Supply Voltage Range 
Junction Temperature Range (Note 3) 

LM61 82AM - 55°C ^ Tj <; + 1 25°C 

LM6182AI, LM6182I -40°C <; Tj <; + 85°C 


215°C 

220°C 

-65°C ^ Tj <: + 1 50°C 
150°C 
± 2000V 


7V to 32V 


± 15V DC Electrical Characteristics The following specifications apply for supply voltage = ± 1 5V, 
Vcm = Vo = 0V, Rf = 820ft, and R|_ = 1 kft unless otherwise noted. Boldface limits apply at the temperature extremes; all 
other limits Tj = 25°C. 





Typical 
(Note 5) 

LM6182AM 

LM6182AI 

LM6182I 


Symbol 

Parameter 

Conditions 

Limit 

Limit 

Limit 

Units 




(Note 6) 

(Note 6) 

(Note 6) 


Vos 

Input Offset Voltage 


2.0 

3.0 

3.0 

5.0 

mV 




4.0 

3.5 

5.5 

max 

TCV 0S 

Input Offset Voltage Drift 


5.0 




jaV/°C 

•b 

Inverting Input Bias Current 


2.0 

5.0 

5.0 

10.0 





12.0 

12.0 

17.0 

julA 


Non-Inverting Input Bias Current 


0.75 

2.0 

2.0 

3.0 

max 




4.0 

4.0 

5.0 


tci b 

Inverting Input Bias Current Drift 


30 




nA/°C 


Non-Inverting Input Bias Current Drift 


10 




■b 

Inverting Input Bias Current 

+ 4.5V ^ V s <; ± 16V 

0.1 

0.5 

0.5 

0.75 


PSR 

Power Supply Rejection 


3.0 

3.0 

4.5 



Non-Inverting Input Bias Current 

±4.5V ^ V s ^ ± 16V 

0.05 

0.5 

0.5 

0.5 



Power Supply Rejection 


1.5 

1.5 

3.0 

jaA/V 

>B 

Inverting Input Bias Current 

-lov ^ v C m ^ +iov 

0.15 

0.5 

0.5 

0.75 

max 

CMR 

Common Mode Rejection 


1.0 

1.0 

1.5 



Non-Inverting Input Bias Current 

-lov ^ v C M ^ +iov 

0.1 

0.5 

0.5 

0.5 



Common Mode Rejection 


1.0 

1.0 

1.5 


CMRR 

Common Mode Rejection Ratio 

-lov ^ v C M ^ +iov 

60 

50 

50 

50 

dB 




47 

47 

47 

min 

PSRR 

Power Supply Rejection Ratio 

+ 4.5V ^ V s ^ ±16V 

80 

70 

70 

70 

dB 




67 

67 

65 

min 

Ro 

Output Resistance 

A v = -1 
f = 300 kHz 

0.2 




ft 

r in 

Non-Inverting Input Resistance 


10 




Mft 

v 0 

Output Voltage Swing 

R L = 1 kft 

12 

11 

11 

11 





10 

10 

10 

V 



R|_ = 150ft 

11 

9.5 

9.5 

9.5 

min 




5.6 

6.0 

6.0 
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i 15V DC Electrical Characteristics (Continued) The following specifications apply for supply voltage = 

+ 15V, Vcm = Vo = 0V, Rf = 820fl, and R[_ = 1 kft unless otherwise noted. Boldface limits apply at the temperature 
extremes; all other limits Tj = 25°C. 

Symbol 

Parameter 

Conditions 

Typical 
(Note 5) 

LM6182AM 

LM6182AI 

LM6182I 


Limit 
(Note 6) 

Limit 
(Note 6) 

Limit 
(Note 6) 

Units 

•sc 

Output Short Circuit Current 


100 

— 

70 

40 

E3 

m 

Zj 

Transimpedance 

R[_ = 1 k n 

1.8 

B 

1.0 

0.5 

— 

H 

R|_ = 150ft 

1.4 

B 

0.8 

0.35 

H 

H 

•s 

Supply Current 

No Load, V| N = 0V 
Both Amplifiers 

B 


20 

22 


a 


Input Common Mode Voltage Range 






a 

i 15V AC Electrical Characteristics The following specifications apply for supply voltage = ± 15V, 

Vcm = Vo = 0V, Rf = 820fl, and R[_ = 1 kfl unless otherwise noted. Boldface limits apply at the temperature extremes; all 
other limits Tj = 25°C. 

Symbol 

Parameter 

Conditions 


LM6182AM 



Units 

Typical 
(Note 5) 

Limit 
(Note 6) 

Limit 
(Note 6) 

Limit 
(Note 6) 

Xt 

Crosstalk Rejection 

(Note 7) 





dB 

BW 

Closed Loop Bandwidth -3 dB 

A v = + 2 





MHz 

A v = +10 

75 




A v = -1 

100 




A v = -10 

60 




Closed Loop Bandwidth 

0.1 dB Flat, RsoURCE = 200ft 

A v = +2, R L = 150H 

35 




PBW 

Power Bandwidth 

Ay = — 1, Vq == 5 Vpp 

60 




SR 

Slew Rate 

Overdriven 





V/fxS 

min 

A v = -1, V 0 = +10V 
R l = 150H, (Note 8) 

1400 

1000 



ts 

Settling Time (0.1 %) 

A v = -1, V 0 = ±5V 

R l = 150D 

50 




ns 

tr.tf 

Rise and Fall Time 

Vo = 1 Vpp 

5 





Propagation Delay Time 

Vq = 1 Vpp 

6 




in(+) 

Non-Inverting Input Noise Current Density 

f = 1 kHz 

3 



mm 


in(-) 

Inverting Input Noise Current Density 

f = 1 kHz 

16 




pA/l/Hz 

e n 

Input Noise Voltage Density 

f = 1 kHz 

4 



B 



Second Harmonic Distortion 

V 0 = 2V PP ,f = 10 MHz 
A v = +2 

-50 



m 



Third Harmonic Distortion 

V 0 = 2 Vpp, f = 10 MHz 
A v = +2 

-55 



Hi 


Differential Gain 

r l = ison 

A v = +2, NTSC 

0.05 




% 


Differential Phase 

R l = 150H 

A v = +2, NTSC 

0.04 



PB 


THD 

Total Harmonic Distortion 

Vq — 2 Vpp, Ay = +2, 
f = 10 MHz, R l = 150H 

0.58 



Hi 

■ 

1 
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±5V DC Electrical Characteristics The following specifications apply for supply voltage = ±5V, 
Vcm = Vo = OV, Rf = 820(1, and R[_ = 1 kft unless otherwise noted. Boldface limits apply at the temperature extremes; all 
other limits Tj = 25°C. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 5) 

LM6182AM 

LM6182AI 

LM6182I 

Units 

Limit 
(Note 6) 

Limit 
(Note 6) 

Limit 
(Note 6) 

Vos 

Input Offset Voltage 


1.0 

2.0 

3.0 

2.0 

2.5 

3.0 

3.5 

mV 

max 

TCVos 

Input Offset Voltage Drift 


2.5 




jutV/°C 

•b 

Inverting Input Bias Current 


5.0 

10 

22 

10 

22 

17.5 

27.0 

fjuA 

max 

Non-Inverting Input Bias Current 


0.25 

1.5 

3.0 

1.5 

3.0 

3.0 

5.0 

TCIb 

Inverting Input Bias Current Drift 


50 





Non-Inverting Input Bias Current Drift 


3.0 




•b 

PSR 

Inverting Input Bias Current 

Power Supply Rejection 

±4V <; V s ^ ±6V 

0.3 

0.5 

1.0 


0.75 

1.5 

julA/V 

max 

Non-Inverting Input Bias Current 

Power Supply Rejection 


0.05 

0.5 

1.0 


0.5 

1.5 

•b 

CMR 

Inverting Input Bias Current 

Common Mode Rejection 

-2.5V <; Vcm ^ + 2.5V 

0.3 

0.5 

1.0 

0.5 

1.0 

1.0 

1.5 

Non-Inverting Input Bias Current 
Common Mode Rejection 

-2.5V <; V C M ^ + 2.5V 

0.12 

0.5 

1.0 

0.5 

1.0 

MB 

CMRR 

Common Mode Rejection Ratio 

-2.5V ^ Vcm £ +2.5V 

57 

50 

47 

50 

47 

50 

47 

dB 

min 

PSRR 

Power Supply Rejection Ratio 

±4V ^ V S ^ ±6V 

80 

70 

67 

70 

67 

64 

60 

Ro 

Output Resistance 

Ay = -1 
f = 300 kHz 

0.25 




ft 

Rin 

Non-Inverting Input Resistance 


8 




Mft 

v 0 

Output Voltage Swing 

R L = 1 kft 

2.6 

2.25 

2.0 

2.25 

2.0 

2.25 

2.0 

V 

min 

R l = 150ft 

2.2 

2.0 

1.8 

2.0 

1.8 

2.0 

1.8 

•sc 

Output Short Circuit Current 


100 

65 

35 

65 

40 

65 

40 

mA 

min 

Zt 

Transimpedance 

R l = 1 kft 


0.75 

0.3 

0.75 

0.35 

0.6 

0.3 

Mft 

min 

R l = 150ft 

1.0 

0.5 

0.2 



•s 

Supply Current 

No Load, V| N = 0V 

Both Amplifiers 

13 

17 

18.5 

17 

18.5 

17 

18.5 

mA 

max 

Vcm 

Input Common Mode Voltage Range 


V+-1.7V 

V- + 1.7V 




V 
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±5V AC Electrical Characteristics The following specifications apply for supply voltage = ± 5V, 
Vcm - Vo - 0V> Rf = 820ft, and Rl — 1 kft unless otherwise noted. Boldface limits apply at the temperature extremes; all 
other limits Tj = 25°C. 





Typical 
(Note 5) 

LM6182AM 

LM6182AI 

LM6182I 


Symbol 

Parameter 

Conditions 

Limit 
(Note 6) 

Limit 
(Note 6) 

Limit 
(Note 6) 

Units 

Xt 

Crosstalk Rejection 

(Note 7) 

92 




dB 

BW 

Closed Loop Bandwidth -3 dB 

A v = +2 

50 







A v = +10 

40 







A v = -1 








A v = -10 

35 




MHz 


Closed Loop Bandwidth 

0.1 dB Flat, Rsource = 200ft 

Av = +2, Rl — 150ft 

15 





PBW 

Power Bandwidth 

Ay = — 1 , Vq — 4 Vpp 

40 





SR 

Slew Rate 

A v = -1, V 0 = +2V 

R L = 150ft, (Note 8) 

500 

375 


375 

V/jLtS 

min 

■ 

Settling Time (0.1%) 

A v = -1, Vo = ±2V 

R L = 150ft 

50 






Rise and Fall Time 

Vo = 1 Vpp 

8.5 




ns 

mm 

Propagation Delay Time 

Vq = 1 Vpp 

8 





in(+) 

Non-Inverting Input Noise Current Density 

f = 1 kHz 

3 




pA/l/Hz 

in(-) 

Inverting Input Noise Current Density 

f = 1 kHz 

16 




pA/l/Hz 

e n 

Input Noise Voltage Density 

f = 1 kHz 

4 




nV/i/Hz 


Second Harmonic Distortion 

V 0 = 2 Vpp, f = 10 MHz 
A v = +2 

D 




dBc 


Third Harmonic Distortion 

V 0 = 2 Vpp, f = 10 MHz 
A v = +2 

my 





Differential Gain 

R L = 150ft 

A v = +2, NTSC 

i 



■ 

% 


Differential Phase 

R L = 150ft 

A v = +2, NTSC 





Deg 

THD 

Total Harmonic Distortion 

Vq = 2 Vpp, Av = +2, 
f = 5 MHz, Rj_ = 150ft 





% 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating ratings indicate conditions for which the device is 
intended to be functional, but device parameter specifications may not be guaranteed under these conditions. For guaranteed specifications and test conditions, 
see the Electrical Characteristics. 

Note 2: Human body model 100 pF and 1.5 kft. 

Note 3: The typical junction-to-ambient thermal resistance of the molded plastic DIP(N) soldered directly into a PC board is 95°C/W. The junction-to-ambient 
thermal resistance of the S.O. surface mount (M) package mounted flush to the PC board is 70°C/W when pins 1,4, 8, 9 and 16 are soldered to a total of 2 in2 1 oz 
copper trace. The S.O. (M) package must have pin 4 and at least one of pins 1,8,9, or 16 connected to V- for proper operation. 

Note 4: Continuous short circuit operation at elevated ambient temperature can result in exceeding the maximum allowable junction temperature of 150°C. Each 
amplifier of the LM6182 is short circuit current limited to 100 mA typical. 

Note 5: Typical values represent the most likely parametric norm. 

Note 6: All limits are guaranteed at room temperature (standard type face) or at operating temperature extremes (boldface type). 

Note 7: Each amp excited in turn with 100 kHz to produce Vo = 2 Vpp. Results are input referred. 

Note 8: Measured from +25% to +75% of output waveform. 

Note 9: Also available per the Standard Military Drawing, 5962-9460301 MCA. 

Note 10: For guaranteed military specifications see military datasheet MNLM6182AM-X. 
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Simplified Schematic 1/2 LM6182 
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Typical Performance Characteristics (Continued) 

TYPICAL PERFORMANCE TEST CIRCUITS 
Non-Inverting: 

Small Signal Pulse Response, 

Slew Rate, -3 dB Bandwidth 


0.1 /iF Y 10 /iF 

jHI Ihj 


Inverting: 

Small Signal Pulse Response, 
Slew Rate, -3 dB Bandwidth 

v + 

0.1 /iF ? 10 /iF 

xH-»x 


0.1 /iF 10 /iF 

jHI IHl 


0.1 /iF 1 0 /iF 

jHI 


Amplifier-to-Amplifier Isolation 


Input Voltage Noise 



0.1 /iF T 10 /iF 

X* 1^ 


ioon kJ 8 



0.1 /iF 10 /iF 

x* — »i 


Xt (Crosstalk Rejection) = 


Resistors 

Matched to ±0.02% 



Test 

Signal O- 
Input 

35 /iF 


PSRR (V s +) 

v + 

0.1 /iF ? 10 /iF 


,, r ■ “ ^ r i a ™ 


820n kJ 8 


0.1 /iF 10 /iF 

x* — *x 


m 
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VOLTAGE GAIN (3dB/Div) VOLTAGE GAIN (3dB/Div) 


S Typical Performance Characteristics (continued) v s = ±i 5 vandTA= 25 o ccihiessotherwisenoted. 


Inverting Gain inverting Gain 

Frequency Response Frequency Response 

V s = ± 15V, Ay = -1,Rf = 820ft V S = ±5V, Ay = -1,Rf = 820ft 


Non-Inverting Gain 

Frequency Response 

V s = ± 15V, Ay= +2, R f = 820ft 


I A = h«M_4|L 
\ = 100ft 7 ri 

' i ilium iltflT 

100k 1M 10M 100M 

FREQUENCY (Hz) 



Non-Inverting Gain 

Frequency Response 

V s = ±5V, A v = +2, R f = 820ft 



100k 1M 10M 100M 

FREQUENCY (Hz) 

Non-Inverting Gain vs 
-3 dB Bandwidth 
R f = 820ft 


100k 1M 10N 10QM 
FREQUENCY (Hz) 

-3dB Bandwidth vs 
Rf and R s , Ay = +2 


l-Ve = ±15V R, = 1 kft 

\ | I I I I I I P - 

JLV S = ±15V Rl = 150ft.. 


0 r y s = * 5 y rla 5 ?^ i n ii 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 

Rp & R s (kft) 

-3 dB Bandwidth vs 
Supply Voltage 
Ay = -1 



n: 


Sat 


1 

LS. a A5l/ v > 1 



"1 tTFtwS 



2 4 6 8 10 12 

NON-INVERTING GAIN 


2 4 6 8 10 12 14 16 

SUPPLY VOLTAGE (±V) 



100k 1M 10M 100M 

FREQUENCY (Hz) 

Inverting Gain vs 
-3 dB Bandwidth 
Rf = 820ft 




0 2 4 6 8 

INVERTING GAIN 

Transimpedance vs 
Frequency 
R L = 1 kft 



Ik 10k 100k 1M 10M 100M 

FREQUENCY (Hz) 


Transimpedance vs 
Frequency 
R l = 150ft 


Settling Response 
V s — ± 15V, Rj_ = 150ft 
Ay = -1, V 0 = ±5V 




Ik 10k 100k 1M 1 0M 100M 

FREQUENCY (Hz) 


TIME (25 ns/DIV) 
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PHASE SHIFT (°) 



CURRENT NOISE (pA/VHz) PSRR (dB) LOAD (pF) 


Typical Performance Characteristics (Continued) Vs = ± 15V and Ta = 25°C unless otherwise noted. 


Settling Response 
V s = ±5V,R L = 1500 
Ay = -1,V 0 = ±2V 



TIME (25 ns/DIV) 

Suggested Rf and 
R s for Cl, Ay = + 2 


^^zqv s = ±5v Rl = i5on. 

l0 r, = 0^ -. 

,5V R, ’= 1500- — 

JrHi i 1 1 1 i ll 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 

Rp & R s (kfl) 

PSRR (V s -) vs 
Frequency, Ay = 2, 

Rf = R s = 8200 



Long Term Settling Time 

Response Vs = ± 15V, Suggested Rf and 

R L = 1500, Ay = -1,V 0 = ±5V R s forC L ,Ay= -1 

I 1 1 1 1 1 1 1 1 1 1 10000 r T T =g=E==F=E=3= 1= "T =t= 


Q!_>V s = ±5V Rl = 1500. 
EE 'V s =^5V Rl' = 'coj0; = 

V $ = hVrl = 1*500- — 



TIME (20 ms/DIV) 


0.5 1.0 1.5 2.0 2.5 3.0 3.5 

Rp & R s (kO) 


PSRR (V s +) vs 

Output Impedance vs Frequency Frequency, Ay = 2, 
Ay = -1, R L = 8200 R f = R s = 8200 



Ik 10k 100k 1M 10M 100M 

FREQUENCY (Hz) 


0.3 1 10 100 

FREQUENCY (MHz) 

CMRR vs Frequency 
Rf = Rg = 8200 


40 — — It v s = ±5V- 
30 


Ik 10k 100k 1M 10M 100M 

FREQUENCY (Hz) 



Ik 10k 100k 1M 10M 100M 

FREQUENCY (Hz) 

Input Voltage Noise 
vs Frequency 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Input Current Noise 
vs Frequency 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Slew Rate vs Temperature 
Ay = -1 ,R l = 1500 



-60 -40 -20 0 20 40 60 80 100120 
TEMPERATURE (°C) 


Slew Rate vs Supply Voltage 
Ay = -1 ,R l = 1500 



4 6 8 10 12 14 16 

SUPPLY VOLTAGE (±V) 

TL/H/1 1926-16 
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TIME (ns) BANDWIDTH (MHz) 


Typical Performance Characteristics (Continued) Vg = ± 15V and Ta' = 25°C unless otherwise noted. 



Distortion vs Frequency 
V s = ±15V,A v = +2, 
R l = 150ft, V 0 = 2Vp-p 



FREQUENCY (MHz) 


Distortion vs Frequency 
V S — ±5V,A v = -1, 

R l = 150ft, V 0 = 2Vp-p 



0.1 1 10 100 
FREQUENCY (MHz) 


-3 dB Bandwidth 
vs Temperature, Ay = - 1 



-60-40 -20 0 20 40 60 80 100120 
TEMPERATURE (°C) 

Small Signal Pulse Response 
vs Temperature, Av = - 1, 
V S = ± 15V, R l = 150ft 



-60-40 -20 0 20 40 60 80 100120 
TEMPERATURE (°C) 


Distortion vs Frequency 
V S = ± 15V, A v = -1, 
R l = 150ft, V 0 = 2Vp-p 



FREQUENCY (MHz) 


Crosstalk Rejection vs 
Frequency 



FREQUENCY (MHz) 


-3 dB Bandwidth 
vs Temperature, Ay = + 2 



-60-40 -20 0 20 40 60 80 100120 
TEMPERATURE (°C) 

Small Signal Pulse Response 
vs Temperature, Ay = +2, 
V S = ± 15V, Rl = 1 kft 



TEMPERATURE (°C) 


Distortion vs Frequency 
V S = ±5V,A v - +2, 

R l = 150ft, V 0 = 2Vp-p 



0.1 1 10 100 
FREQUENCY (MHz) 


Maximum Output Voltage 
Swing vs Frequency 
(THD £ 1%) 



FREQUENCY (MHz) 


Small Signal Pulse Response 
vs Temperature, Ay = - 1, 
V s = ± 15V, R l = 1 kft 



-60-40 -20 0 20 40 60 80 100120 
TEMPERATURE (°C) 

Small Signal Pulse Response 
vs Temperature, Ay = +2, 
V s = ±15V,R L = 150ft 



-60-40 -20 0 20 40 60 80 100120 
TEMPERATURE (°C) 

TL/H/1 1926-17 
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Typical Applications 


CURRENT FEEDBACK TOPOLOGY 

For a conventional voltage feedback amplifier the resulting 
small-signal bandwidth is inversely proportional to the de- 
sired gain to a first order approximation based on the gain- 
bandwidth concept. In contrast, the current feedback ampli- 
fier topology, such as the LM6182, transcends this limitation 
to offer a signal bandwidth that is relatively independent of 
the closed loop gain. Figures 1A and IB illustrate that for 
closed loop gains of -1 and -5 the resulting pulse fidelity 
suggests quite similiar bandwidths for both configurations. 


v OUT 

(0.1V/DIV) 



TIME (5ns/DIV) 


1A.A V = -1 


v OUT 

(0.1V/DIV) 



TIME (5ns/DIV) 

TL/H/1 1926-21 

IB. Ay = -5 

FIGURE 1A, IB. Variation of Closed-Loop Gain from - 1 
to -5 Yields Similar Responses. 

FEEDBACK RESISTOR SELECTION: R f 

Selecting the feedback resistor, Rf, is a dominant factor in 
compensating the LM6182. For general applications the 
LM6182 will maintain specified performance with an 820ft 
feedback resistor. The closed-loop bandwidth of the 
LM6182 depends on the feedback resistance, Rf. There- 
fore, Rs, and not Rf, is varied to adjust for the desired 
closed-loop gain as demonstrated in Figure 2. 


1/2 LM6182 



TL/H/1 1926-22 

FIGURE 2. R f Sets Amplifier Bandwidth and R s is 
Adjusted to Obtain the Desired Closed-Loop Gain, Ay. 

Although this Rf value will provide good results for most 
applications, it may be advantageous to adjust this value 
slightly. Consider, for instance, the effect on pulse respons- 
es with two different configurations where both the closed- 
loop gains are + 2 and the feedback resistors are 820ft, 
and 1640ft, respectively. Figures 3 A and 3B illustrate the 
effect Of increasing Rf while maintaining the same closed- 
loop gain - the amplifier bandwidth decreases. Accordingly, 
larger feedback resistors can be ulsed to slow down the 
LM6182 and reduce overshoot in the time domain re- 
sponse. Conversely, smaller feedback resistance values 
than 820ft can be used to compensate for the reduction of 
bandwidth at high closed-loop gains, due to 2nd order ef- 
fects. For example Figures 4A, and 4B illustrate reducing Rf 
to 500ft to establish the desired small signal response in an 
amplifier configured for a closed-loop gain of + 25. 


VoUT 

(0.5V/DIV) 


V IN 

(0.5V/DIV) 


SQQmM SOOaU -- ; 20hs 


TIME (20ns/DIV) 


3A. R f = 820ft 



v OUT 

(0.5V/DIV) 


V IN 

(0.5V/DIV) 


TIME (20ns/DIV) 

TL/H/1 1926-24 

3B. R f = 1640ft 

FIGURE 3A, 3B. Increase Compensation by Increasing 
Rf, Ay = +2 
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Typical Applications (Continued) 


VOUT 

(0.5V/DIV) 


V|N 

(50mV/DIV) 



TIME (2ns/DIV) 


TL/H/1 1926-25 

4A. R f = 820a 


v OUT 

(0.5V/DIV) 


V IN 

(50mV/DIV) 



TIME (2ns/DIV) 


TL/H/1 1926-26 

4B. R f = 5000 


FIGURE 4A, 4B. Reducing Rf to Increase Bandwidth for 
Large Closed-Loop Gains, Ay = +25 

The extent of the amplifier’s dependence on Rf is displayed 
in Figure 5 for one particular closed-loop gain. 



J.U ■ — ‘ — ■ — * — ■ — ■ — ■ — ■ — ■ — ■ — ■ 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 

> & R s (kJfl) 


TL/H/1 1926-27 


FIGURE 5. - 3 dB Bandwidth Is Determined By 
Selecting Rf. 


CAPACITIVE FEEDBACK 

Current feedback amplifiers rely on feedback impedance for 
proper compensation. Even in unity gain current feedback 
amplifiers require a feedback resistor. LM6182 performance 


is specified for a feedback resistance of 8200. Decreasing 
the feedback impedance below 8200 extends the amplifi- 
er’s bandwidth leading to possible instability. Capacitive 
feedback should therefore not be used because the imped- 
ance of a capacitor decreases with increasing frequency. 



TL/H/1 1926-28 

FIGURE 6. Current Feedback Amplifiers are Unstable 
with Capacitive Feedback 

For voltage feedback amplifiers it is quite common to place 
a small lead compensation capacitor in parallel with feed- 
back resistance, Rf. This compensation serves to reduce 
the amplifier’s peaking. One application of the lead compen- 
sation capacitor is to counteract the effects of stray capaci- 
tance from the inverting input to grbund in circuit board lay- 
outs. The LM6182 current feedback amplifier does not re- 
quire this lead compensation capacitor and has an even 
simpler, more elegant solution. 

To limit the bandwidth and peaking of the LM6182 current 
feedback amplifier, do not use a capacitor across Rf as in 
Figure 7. This actually has the opposite effect and extends 
the bandwidth of the amplifier leading to possible instability. 
Instead, simply increase the value of the feedback resistor 
as shown in Figure 3. 

Non-inverting applications can also reduce peaking and limit 
bandwidth by adding an RC circuit as illustrated in Figure 8. 



TL/H/1 1926-29 

FIGURE 7. Compensation Capacitors Are Not Used with 
the LM6182, Instead Simply Increase Rf to Compensate 
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Typical Applications (Continued) 

+ 15V 

10 

0.1 /iF 

,K_lh x 


v, N — VSAr 


C = 1 0 pF 


r 




/ 2 LM6182 


0.1 /iF 

10 aiF 

n 

15V 


820X1 

-AAAr— 1 


1 


8A 


" 3dB 2nRC 
TL/H/1 1926-3 


v OUT 

(0.5V/DIV) 


v IN 

(0.5V/DIV) 



500i# 5'OOfflM 


TIME (20ns/DIV) 

TL/H/1 1926-31 

8B 

FIGURE 8A, 8B. RC Limits Amplifier Bandwidth to 50 
MHz, Eliminating Peaking in the Resulting Pulse 
Response as Compared to Figure 3A 

SLEW RATE CONSIDERATIONS 

The slew rate characteristics of current feedback amplifiers 
are different than traditional voltage feedback amplifiers. In 
voltage feedback amplifiers, slew rate limiting or non-linear 
amplifier behavior is dominated by the finite availability of 
the 1 st stage tail current charging the compensation capaci- 
tor. The slew rate of current feedback amplifiers, in contrast, 
is not constant. Transient current at the inverting input is 
proportional to the current available to the amplifier’s com- 


pensation capacitor. The current feedback amplifier is 
therefore not traditionally slew rate limited. This enables 
large slew rates responses of 2000 V/jms. The non-inverting 
configuration slew rate is also determined by input stage 
limitations. Accordingly, variations of slew rates occur for 
different circuit topologies. 

DRIVING CAPACITIVE LOADS 

The LM6182 can drive significantly larger capacitive loads 
than many current feedback amplifiers. This is extremely 
valuable for simplifying the design of coax-cable drivers. Al- 
though the LM6182 can directly drive as much as 100 pF of 
load capacitance without oscillating, the resulting response 
will be a function of the feedback resistor value. Figure 9B 
illustrates the small-signal pulse response of the LM6182 
while driving a 50 pF load. Ringing persists for approximate- 
ly 1 00 ns. To achieve pulse responses with less ringing ei- 
ther the feedback resistor can be increased (see Typical 
Performance Characteristics “Suggested Rf and Rs for 
C|_”), or resistive isolation can be used (1011-5111 typically 
works well). Either technique, however, results in lowering 
the system bandwidth. 

Figure 10B illustrates the improvement obtained by using a 
4711 isolation resistor. 


820X1 



v OUT 

(0.2V/DIV) 

V IN 

(0.2V/DIV) 



TIME (20ns/DIV) 

TL/H/1 1926-33 

9B 


FIGURE 9A, 9B. A v = - 1, LM6182 Can Directly Drive 
50 pF of Load Capacitance with 100 ns of Ringing 
Resulting in Pulse Response 


■ ii 


I 


1 


1-593 


LM6182 



LM6182 


Typical Applications (Continued) 


82<m 




TIME (20ns/DIV) 

TL/H/1 1926-35 

10B 


FIGURE 10 A, 10B. Resistive Isolation of Cl Provides 
Higher Fidelity Pulse Response. Rf and Rs Could Also 
Be Increased to Maintain Ay = - 1 and Improve Pulse 
Response Characteristics. 

POWER SUPPLY BYPASSING AND LAYOUT 
CONSIDERATIONS 

A fundamental requirement for high-speed amplifier design 
is adequate bypassing of the power supply. It is critical to 
maintain a wideband low-impedance to ground at the ampli- 
fiers supply pins to insure the fidelity of high speed amplifier 
transient signals. O.i ju,F ceramic bypass capacitors at each 
supply pin are sufficient for many applications. Typically 
10 juF tantalum capacitors are also required if large current 
transients are delivered to the load. The bypass capacitors 
should be placed as close to the amplifier pins as possible, 
such as 0.5" or less. 

Applications requiring high output power, cable drivers for 
example, cause increased internal power dissipation. Inter- 


nal power dissipation can be minimized by operating at re- 
duced power supply voltages, such as ± 5V. 

Optimum heat dissipation is achieved by using wide circuit 
board traces and soldering the part directly onto the board. 
Large power supply and ground planes will improve power 
dissipation. Safe Operating Area (S.O.A.) is determined us- 
ing the Maximum Power Derating Curves. 

The 16-pin small outline package (M) has 5 V- heat sinking 
pins that enable a junction-to-ambient thermal resistance of 
70°C/W when soldered to 2 in 2 1 oz. copper trace. A V- 
heat sinking pin is located on each corner of the package 
for ease of layout. This allows high output power and/or 
operation at elevated ambient temperatures without the ad- 
ditional cost of an integrated circuit heat sink. If the heat 
sinking capabilities of the S.O. package are not needed, pin 
4 and at least one of pins 1 ,8,9, or 1 6 must be connected to 
V- for proper operation. 

Figure 11 shows recommended copper patterns used to 
dissipate heat from the LM6182. 
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FIGURE 1 1. Copper Heatsink Layouts 
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Typical Applications (Continued) 

CROSSTALK REJECTION 

The LM6182 has an excellant crosstalk rejection value of 
62 dB at 10 MHz. This value is made possible because the 
LM6182 amplifiers share no common circuitry other than 
the supply. High frequency crosstalk that does appear is 
primarily caused by the magnetic and capacitive coupling of 
the internal bond wires. Bond wires connect the die to the 
package lead frame. The amount of current flowing through 
the bond wires is proportional to the amount of crosstalk. 
Therefore, crosstalk rejection ratings will degrade when 
driving heavy loads. Figure 12 and shows a 10 dB difference 
for two different loads. 



0.1 1 10 100 
FREQUENCY (MHz) 

TL/H/1 1926-38 

FIGURE 12. Crosstalk Rejection 

The LM6182 crosstalk effect is minimized in applications 
that cascade the amplifiers by preceding amplifier A with 
amplifier B. 

START-UPTIME 

Using the circuit in Figure 13, the LM6182 demonstrated a 
start-up time of 50 ns. 



TL/H/1 1926-39 

FIGURE 13. Start-Up Test Circuit 


OVERDRIVE RECOVERY 

The LM6182 is an excellent choice for high speed applica- 
tions needing fast overdrive recovery. Nanosecond recov- 
ery times allow the LM6182 to protect subsequent stages 
from excessive input saturation and possible damage. 
When the output or input voltage range of a high speed 
amplifier is exceeded, the amplifier must recover from an 
overdrive condition. The non-linear output voltage remains 
as long as the overdrive condition persists. Linear operation 
resumes after the overdrive condition is removed. Overdrive 
recovery time is the delay before an amplifier returns to lin- 
ear operation. The typical recovery times for exceeding 
open loop, closed loop, and input commom-mode voltage 
ranges are illustrated in Figures 14, 15, and 16. 

The open-loop circuit of Figure 14 generates an overdrive 
response by allowing the ±0.5V input to exceed the linear 
input range of the amplifier. Typical positive and negative 
overdrive recovery times are 5 ns and 30 ns, respectively. 


+5V 




TIME (50ns/DIV) 


TL/H/1 1926-42 

FIGURE 14. Open Loop Overdrive Recovery Times of 
5 ns and 30 ns 

The large closed-loop gain configuration in Figure 15 forces 
the amplifier output into overdrive. The typical recovery time 
to a linear output value is 1 5 ns. 
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Typical Applications (Continued) 


+ 15V 




TL/H/1 1926-44 

FIGURE 15. 15 ns Closed Loop Output Overdrive 
Recovery Time Generated by Saturating the Output 
Stage of the LM6 182 

The common-mode input range of a unity-gain circuit is ex- 
ceeded by a 4V pulse resulting in a typical recovery time of 
20 ns shown in Figure 16. 

+5V 



820n 

-vw 1 

TL/H/1 1926-45 
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(2V/DIV) 


GND 


V|N 

(2V/DIV) 


GND 


TIME (20ns/DIV) 


SPICE MACROMODEL 

A spice macromodel is available for the LM6182. Contact 
your local National Semiconductor sales office to obtain an 
operational amplifier spice model library disk. 

Typical Application Circuits 

UNITY GAIN AMPLIFIER 

The LM6182 current feedback amplifier is unity gain stable. 
The feedback resistor, Rf, is required to maintain the 
LM6182’s dynamic performance. 



TL/H/1 1926-47 

FIGURE 17. LM6182 Is Unity Gain Stable 
NON-INVERTING GAIN AMPLIFIER 

Current feedback amplifiers can be used in non-inverting 
gain and level shifting functions. The same basic closed- 
loop gain equation used for voltage feedback amplifiers ap- 
plies to current feedback amplifiers: 1 4- Rf/Rs. 



TL/H/1 1926-48 

FIGURE 18. Non-Inverting Closed Loop Gain is 
Determined with the Same Equation Voltage Feedback 
Amplifiers Use: 1 + Rf/Rs 

INVERTING GAIN AMPLIFIER 

The inverting closed loop gain equation used with voltage 
feedback amplifiers also applies to current feedback amplifi- 
ers. 



TL/H/1 1926-49 

FIGURE 19. Current Feedback Amplifiers Can Be Used 
for Inverting Gains, Just Like a Voltage Feedback 
Amplifier: —Rf/Rs 


TL/H/1 1926-46 

FIGURE 16. Output Recovery from an Input that 
Exceeds the Common-Mode Range 
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Typical Application Circuits (Continued) 

SUMMING AMPLIFIER 

The current feedback topology of the LM6182 provides sig- 
nificant performance advantages over a conventional volt- 
age feedback amplifier used in a standard summing circuit. 
Using a voltage feedback amplifier, the bandwidth of the 
summing circuit in Figure 20 is limited by the highest gain 
needed for either signal VI or V2. If the LM6182 amplifier is 
used instead, wide circuit bandwidth can be maintained rela- 
tively independent of gain requirements. 


V] WV- 

R si 


V 2 VsAr- 

R S2 


“ A £ Sr “ 

1/2 LM6182 


SJ/2 LI 


TL/H/1 1926-50 

FIGURE 20. LM6182 Allows the Summing Circuit to Meet 
the Requirements of Wide Bandwidth Systems 
Independent of Signal Gain 


Ordering Information 


Package 

Temperature Range 

NSC 

Drawing 

Military 

— 55°C to + 125°C 

Industrial 

— 40°C to 
+ 85°C 

8-pin 

Molded 

DIP 

LM6182AMN 

LM6182AIN 

LM6182IN 

N08E 

1 6-pin 
Small 

Outline 


LM6182AIM 

LM6182IM 

M16A 


If Military/ Aerospace specified devices are required, contact the National 
Semiconductor Sales Office or Distributors for availability and specifications. 
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National Semiconductor 


LM6313 High Speed, 

High Power Operational Amplifier 


General Description 

The LM6313 is a high-speed, high-power operational ampli- 
fier. This operational amplifier features a 35 MHz small sig- 
nal bandwidth, and 250 V/juis slew rate. A compensation pin 
is included for adjusting the open loop bandwidth. The input 
stage (A1) and output stage (A2) are pinned out separately, 
and can be used independently. The operational amplifier is 
designed for low impedance loads and will deliver 
±300 mA. The LM6313 has both overcurrent and thermal 
shutdown protection with an error flag to signal both these 
fault conditions. 

These amplifiers are built with National’s VIPtm (Vertically 
Integrated PNP) process which provides fast PNP transis- 
tors that are true complements to the already fast NPN de- 
vices. This advanced junction-isolated process delivers high 
speed performance without the need for complex and ex- 
pensive dielectric isolation. 


Features 

■ High slew rate 250 V/ju,s 

■ Wide bandwidth 35 MHz 

■ Peak output current ±300 mA 

■ Input and output stages pinned out separately 

■ Single or dual supply operation 

■ Thermal protection 

■ Error flag warns of faults 

■ Wide supply voltage range ±5V to ±15V 

Applications 

■ High speed ATE pin driver 

■ Data acquisition 

■ Driving capacitive loads 

■ Flash A-D input driver 

■ Precision 50fl-75fi video line driver 

■ Laser diode driver 


Connection Diagram 


Typical Application 


DuaMn-Line Package 


♦V 

A2 OUTPUT ■ 
“Vc ■ 



75Xl 100' RG 59 B/U 



— A1 OUTPUT 

13 

10 ■ Pf 

1 

L <16 

A 

— *- v s 


a\ 



Top View 

Order Number LM6313N 
See NS Package Number N16A 

*Heat sink pins 

See Note 5 and Applications. 

**Do not ground or otherwise connect to this pin. 
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Absolute Maximum Ratings (Note i> 


T otal Supply Voltage ( + Vs to - Vs) 36 V (±18) 

A1 Differential Input Voltage (Note 2) ± 7V 

A1 Input Voltage (V+ -0.7) to (V~ -7V) 

A2 Input to Output Voltage ± 7V 

A2 Input Voltage ± Vs 


Flag Output Voltage 
Short-Circuit to Ground 
Storage Temperature Range 


GNDto +V S 
(Note 3) 
— 65°C ^ T £ + 1 50°C 


Lead Temperature (Soldering, 5 seconds) 260°C 

ESD Tolerance (Note 4) 

Pins 10 and 11 ±600V 

All Other Pins ± 1500V 

Operating Temperature Range 
LM6313N 0°C to 70°C 

Thermal Derating Information (Note 5) 

0 JA 40°C/W 

Tj (Max) 125°C 


Operational Amplifier DC Electrical Characteristics Unless otherwise specified, all limits 

guaranteed for T A = 25°C, and Supply Voltage Vs = ±15V. Boldface limits apply at temperature extremes. Vqm = 0V, 
Rs = 50ft, the circuit configured as in Figure 1. 






25°C 

0°C to 70°C 


Symbol 

Parameter 

Conditions 

Typical 

Limit 

Limit 

Units 

Vos 

Input Offset Voltage 


5 

20 

22 

mV (Max) 

AVos/AT 

Average Input Offset 
Voltage Drift 


10 



jaV/°C 

•b 

Input Bias Current 


2 

5 

7 

juA (Max) 

•os 

Input Offset Current 


0.15 

1.5 

1.9 

jaA (Max) 

Alos^AT 

Average Input Offset 
Current Drift 


0.4 



nA/°C 

Rin 

Input Resistance 

Differential 

325 



kft 

C|N 

Input Capacitance 

A v = +1,f = 10 MHz 

2.2 



PF 

VcM 

Common-Mode 


+ 14.2 

+ 13.8 

+ 13.7 

V (Min) 


Voltage Range 


-13.2 

-12.8 

- 12.7 

A V i 

Voltage Gain 1 

R L = 1 kft, V 0 = ±10V 

6000 

2500 

2000 

V/V (Min) 

A V 2 

Voltage Gain 2 

R L = 50ft, V 0 = +8V 

5000 

2000 

1500 

CMRR 

Common-Mode 

Rejection Ratio 

-10V <; V C m ^ +iov 

90 

72 

70 

dB (Min) 

PSRR 

Power Supply 

Rejection Ratio 

±5V <.W S ^ ±16V 

90 

72 

70 

dB (Min) 

V 0 1 

Output Voltage Swing 1 

R l = 1 kft 

13.1 

11.8 

11.2 


V02 

Output Voltage Swing 2 

R l = 100ft 

12.0 

10.5 

10.0 

±V (Min) 

V 03 

Output Voltage Swing 3 

R|_ = 50ft 

11.0 

9.0 

8.5 


•s 

Supply Current 

Tj = 0°C 

Tj = 25°C 

18 

23 

24 

mA (Max) 



Tj = 125°C 



21 


•sc 

Peak Short-Circuit Output 

(See Figure 3 ) 

300 



mA 



TL/H/10521-3 


1 
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Electrical Characteristics (Continued) 


Operational Amplifier AC Electrical Characteristics Unless otherwise specified, all limits 

guaranteed for Ta = 25°C, and Supply Voltage Vs = ±15V. Boldface limits apply at temperature extremes. Vcm = OV, 
Rs = 50ft, the circuit configured as in Figure 1. 


Symbol 

Parameter 

Conditions 


Units 

GBW 

Gain-Bandwidth Product 

@ f = 30 MHz 

35 

MHz 

SR 

Slew Rate 

A v = -1,R|_= 50ft (Note 6) 

250 

V/fts 

PBW 

Power Bandwidth 

VoUT = 20 Vpp 

3.0 

MHz 

ts 

Settling Time 

1 0 V Step to 0. 1 % (See Figure 2 ) 

200 

ns 


Phase Margin 

Ay = — 1, R|_ = 1 kft, C|_ = 50 pF 

53 

Deg 


Differential Gain 


0.1 

% 


Differential Phase 


0.1 

Deg 

©n 

Input Noise Voltage 

f = 10 kHz 

14 

nV/l/Hz 

*n 

Input Noise Current 

f = 10 kHz 

1.8 

pA/t/Hz 


A1 DC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Ta = 25°C, and 
Supply Voltage Vs = ± 1 5V. Boldface limits apply at temperature extremes. Vcm = 0V, Rs = 50ft. 


Symbol 

Parameter 

Conditions 

Typical 

25°C 

Limit 

0°C to 70°C 
Limit 

, 

Units 

A VOL 

Large Signal Voltage Gain 

Vqut = ±10V, R l = 2 kft 
Vqut = ± 10V, R|_ = 00 

650 

6000 

300 

2500 

250 

2000 

V/V (Min) 

CMRR 

Common-Mode 

Rejection Ratio 

-lov <; v C M ^ + iov 

90 

72 

70 

dB (Min) 

PSRR 

Power Supply 

Rejection Ratio 

±5V ^ ±V S ^ + 16V 

90 

72 

70 

dB (Min) 

•sc 

Output Short 

Circuit Current 


±60 

±30 

±25 

mA (Min) 


A1 AC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Ta = 25°C, and 
Supply Voltage Vs = ± 1 5V. Boldface limits apply at temperature extremes. Rs = 50ft. 


Symbol 

Parameter 

Conditions 

Typical 

25°C 

Limit 

Units 


Gain-Bandwidth 

f = 30 MHz 

37 

25 




A v = +1,R L = 100 kft, ±4V| N , 

±2 Vqut 

250 

150 

V/ juts (Min) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. For guaranteed specifications and test conditions, see the 
Electrical Characteristics. The guaranteed specifications apply only for the test condition listed. Some performance characteristics may degrade when the device is 
not operated under the listed test conditions. 


Note 2: In order to achieve optimum AC performance, the input stage was designed without protective clamps. Exceeding the maximum differential input voltage 
results in reverse breakdown of the base-emitter junction of one of the input transistors. Degradation of the input parameters (especially Vqs. Ios> and Noise) is 
proportional to the level of the externally limited breakdown current and the accumulated duration of the breakdown condition. 

Note 3: Continuous short-circuit operation of A1 at elevated temperature can result in exceeding the maximum allowed junction temperature of 125°C. A2 contains 
current limit and thermal shutdown to protect against fault conditions. The device may be damaged by shorts to the supplies. 

Note 4: Human body model, C = 100 pF, Rs = 1500ft. 
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Electrical Characteristics (Continued) 


A2 DC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Ta = 25°C, and 
Supply Voltage Vs = ±15V. Boldface limits apply at temperature extremes. R§ = 50ft. 


Symbol 

' 

Parameter 

Conditions 

Typical 

25°C 

Limit 

0°C to 70°C 
Limit 

Units 

Avi 

Voltage Gain 1 

r l = i kn, Vim = ±iov 

0.99 

0.97 

0.95 

V/mV (Min) 

A V 2 

Voltage Gain 2 

R l = 50n, V| N = ±10V 

0.9 

0.85 



Vos 


r l = i kn 

15 

70 

IOO 

mV (Max) 

•b 


R L = 1 kn, R s = 10 kn 

1 

6 

8 

juA (Max) 

Rin 

Input Resistance 

R|_ = 50n 

5 



Mn 

C|N 

Input Capacitance 


3.5 



PF 

Ro 

— 

Output Resistance 

•out = i 10 mA 

3.5 

5.0 

8.0 

n (Min) 

v 0 

Voltage Output Swing 

r l = i kn 
r l = loon 

R|_ = son 

Hoi 



V (Min) 

PSRR 

Power Supply 

Rejection Ratio 

Vs = ±5V to ± 16V 

m 

60 

50 

dB (Min) 

A2 AC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Ta = 25°C, and 
Supply Voltage Vs = ± 15V. Boldface limits apply at temperature extremes. Rs = 50n. 

Symbol 


Conditions 


25°C 

Limit 

Units 

SRI 

SR 2 

Slew Rate 1 

Slew Rate 2 

V| N = ± 1 1 v, r l = ikn 

V| N = ± 1 1 V, R l = 50n (Note 7) 

■ 

550 

V/jtxs (Min) 

BW 

-3 dB Bandwidth 

Vin = ±100 mVpp 
r l = son, C L ^ 10 pF 

65 

30 


tr, 

tf 

Rise Time 

Fall Time 

Rl = i kn, Cl ^ io pF 

Vo = 100 mVpp 

8 



Pd 

Propagation Delay 

Rl = son, c L ^ io pF 

Vo = 100 mVpp 

4 


ns 


Overshoot 

r l = i kn,c L = ioo pF 
r l = 5on,c L = iooo pF 

13 

21 


% 

Additional (A2) Electrical Characteristics Unless otherwise specified, all limits guaranteed for 

Ta = 25°C, and Supply Voltage Vs = ±15V. Boldface limits apply at temperature extremes. 

Symbol 

Parameter 

Conditions 

Typical 

25°C 

Limit 

0°C to 70°C 

Limit 

Units 


Flag Pin Output 
Low Voltage 

•SINK Flag Pin = 500 JwA 

220 

340 

400 


•oh 

Flag Pin Output 
High Current 

Vqh Flag Pin = 15V (Note 8) 

0.01 

10 

20 

juA (Max) 


Note 5: For operation at elevated temperature, these devices must be derated to insure Tj £ 125°C. Tj = T A + (P D X 0 JA ). 0j A for the N package mounted flush 
to the PCB, is 40°C/W when pins 4, 5, 12 and 13 are soldered to a total of 2 in 2 of copper trace. 

Note 6: Measured between ± 5V. 

Note 7: V|n = ±9V step input, measured between ±5V out. 

Note 8: The error flag is set during current limit or thermal shut-down. The flag is an open collector, low on fault. 
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Simplified Schematic 


V* 



Settling Time Test Circuit 

2k 



Protection Circuit Block Diagram 



TL/H/10521-7 


MAXIMUM CURRENT vs JUNCTION TEMPERATURE 



JUNCTION TEMPERATURE (°C) 

TL/H/10521 -6 

FIGURE 3 
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Typical Performance Characteristics Op Amp 

(Unless otherwise specified, Ta = 25°C, Vs = ± 15V, and R|_ = 10 kft.) 



Cload (p f ) 


FREQUENCY (Hz) 


FREQUENCY (MHz) 
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Typical Performance Characteristics A1 Only 

(Unless otherwise specified, Ta = 25°C, Vs = ± 1 5V, and R|_ = 10 kft.) 


Gain vs Supply Voltage 
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SUPPLY VOLTAGE (iV) 
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Load Capacity 
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Typical Performance Characteristics A2 Only 

(Unless otherwise specified, Ta = 25°C and Vs = ± 1 5V.) 


Slew Rate vs 
Supply Voltage 
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Application Hints 

The LM6313 is a high-speed, high power operational ampli- 
fier that is designed for driving low-impedance loads such 
as 50ft and 75ft cables. Available in the standard, low cost, 
16-pin DIP, this amplifier will drive back terminated video 
cables with up to 10 Vp-p. The ability to add additional com- 
pensation allows the LM6313 to drive capacitive loads of 
any size at bandwidths previously possible only with very 
expensive hybrid devices. 

The LM6313 is excellent for driving high-speed flash A-to-D 
converters that require low-impedance drive at high fre- 
quencies. At 1 MHz, when used as a buffer, the LM6313 
output impedance is below 0.1ft. This very low output im- 
pedance also means that cables can be accurately back- 
terminated by just placing the characteristic impedance in 
series with the LM6313 output. 

OVER-VOLTAGE PROTECTION 

If the LM6313 is being operated on supply voltages of great- 
er than ± 5V, the possibility of damaging the output stage 
transistors exists. At higher supply voltages, if the output is 
shorted or excessive power dissipation causes the output 
stage to shut down, the maximum A2 input-to-output volt- 
age, can be exceeded. This occurs when the input stage 
tries to drive the output while the output is at ground. To 
prevent this from happening, an easy solution is to place 
diodes around the output stage (See Figure 4). This will 
limit the maximum differential voltage to about 1.3V. Any 
signal diode, such as the 1N914 or the 1N4148 will work 
fine. 



HEAT SINKING 

When driving a low impedance load such as 50ft, and oper- 
ating from ± 1 5V supplies, the internal power dissipation of 
the LM6313 can rise above 3W. To prevent overheating of 
the chip, which would cause the thermal protection circuitry 
to shut the system down, the following guidelines should be 
followed: 

1. Reduce the supply voltage. The LM6313 will operate 
with little change in performance, except output voltage 
swing, on ± 5V supplies. This will reduce the dissipation 
to the level where no precautions against overheating 
are necessary for loads of 10ft or more. 

2. Solder pins 4, 5, 1 2 and 1 3 to copper traces which are at 
least 0.100 inch wide and have a total area of at least 2 
square inches, to obtain a 0 ja of 40°C/W. These four 
pins are connected to the back of the chip and will be at 
V-. They should not be used as a V- connection un- 
less pin 3 is also connected to this same point. 


SUPPLY BYPASSING 

Because of the large currents required to drive low-imped- 
ance loads, supply bypassing as close as possible to the 
I.C. is important. At 50 MHz, a few inches of wire or circuit 
trace can have 20ft or 30ft of inductive reactance. This 
inductance in series with a 0.1 jaF bypass capacitor can 
resonate at 1 MHz to 2 MHz and just appear as an inductor 
at higher frequencies. A 0.1 julF and a lOjaF to 15 jaF capac- 
itor connected in parallel and as close as possible to the 
LM6313 supply pins, from each supply to ground, will give 
best performance. 

SELECTION OF COMPENSATION CAPACITOR 

The compensation pin, pin 15, makes it possible to drive 
any load at any closed loop gain without stability problems. 
In most cases, where the gain is - 1 or greater and the load 
is resistive, no compensation capacitor is required. When 
used at unity gain or when driving reactive loads, a small 
capacitor of 5 pF to 20 pF will insure optimum performance. 
The easiest way to determine the best value of compensa- 
tion capacitor is to temporarily connect a trimmer capacitor 
(typical range of 2 pF to 1 5 pF) between pin 1 5, and ground, 
and adjust it for little or no overshoot at the output while 
driving the input with a square wave. 

If the actual load capacitance is known, the typical graphs 
“Gain-Bandwidth and Phase Margin vs. Load Capacitance” 
can be used to select a value. 

VIDEO CABLE DRIVER 

The LM6313 is ideally suited for driving 50ft or 75ft cables. 
Unlike a buffer that requires a separate gain stage to make 
up for the losses involved in termination, the LM6313 gain 
can be set to 1 plus the line losses when the transmission 
line is end-terminated. If back-termination is needed, adding 
the line impedance in series with the output and raising the 
gain to 2 plus the expected line losses will provide a 0 dB 
loss system. Figure 5 illustrates the back and end terminat- 
ed video system including compensation for line losses. The 
excellent stability of the LM6313 with changes in supply 
voltages allow running the amplifier op unregulated sup- 
plies. The typical change in phase shift when the supplies 
are changed from ±5V to ± 15V is less than 3° at 10 MHz. 

i.ik 
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Application Hints (Continued) 

LASER DIODE MODULATOR 

Figure 6 is a minimum component count example of a video 
modulator for a CW laser diode. This example biases the 
diode at 200 mA and modulates the current at ± 200 mA per 
volt of signal. If it is desired to reduce power consumption 
and ±5V supplies are available, all that is necessary is to 
change R2 to 5 kft and R4 to 1 5ft. 


CAPACITIVE LOAD DRIVING 

Figure 7 is the circuit used to demonstrate the ability of the 
LM6313 to drive capacitive loads at speeds not previously 
possible with monolithic op amps. 


FIGURE 7 


FIGURE 6 


In photo 1, Cl is 1000 pF. The LM6313 is slewing at 
250 V/juts, from -5V to +5V. The slew rate is 450 V/juls 
from +5V to -5 V. This requires the op amp to deliver 
450 mA into the load and remain stable. 


In photo 2, Cl is changed to 1 jutF. Under these conditions, 
the op amp is forced into current limiting. Here the current is 
internally limited to about ±400 mA. Note the rapid and 
complete recovery to normal operation at the end of slew- 
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ADVANCE INFORMATION 


LM7121 

Tiny Very High Speed Low Power Voltage Feedback 


Amplifier 

General Description 

The LM7121 is a high performance operational amplifier 
which addresses the increasing AC performance needs of 
video and imaging applications. Its tiny size and low power 
make it ideal for portable applications. 

The LM7121 can operate over a wide dynamic range of 
supply voltages, from ± 1 5V to ± 5 V. It offers an excellent 
speed-power product delivering IOOOV/juis and 200 MHz 
unity gain stability. Another key feature of this operational 
amplifier is stability while driving unlimited capacitive loads. 
Due to its Tiny S0T23-5 package, the LM7121 is ideal for 
designs where space and weight are the critical parameters. 
The benefits of the tiny package are evident in small porta- 
ble electronic devices, such as cameras, and PC video 
cards. Tiny amplifiers are so small that they can be placed 
anywhere on a board close to the signal source or near the 
input to an A/D converter. 


Features (Typical unless otherwise noted) 

■ Easy to use Voltage Feedback Topology 

■ Stable with unlimited capacitive loads 

■ Tiny SOT23-5 package- 

typical circuit layout takes half the space of SO-8 de- 
signs 

■ Unity Gain Frequency 200 MHz 

■ Slew Rate 1000V/jus 

■ Characterized for Supply Voltages ± 5V and ± 1 5V 

■ Low Supply Current 5 mA 

Applications 

■ Scanners, Color Fax, Digital copier 

■ Portable Video Equipment 

■ Cable Drivers 

■ Digital Cameras 

■ ADC/DAC Buffers 


Connection Diagram 


5-Pin SOT23 


8-Pin DIP/SO-8 




NC 

V + 

OUTPUT 

NC 


TL/H/1 2348-2 


Ordering Information 


Package 

Temperature Range 

Industrial, -40°C to +85°C 

NSC Drawing 
Number 

Transport 

Media 

8-Pin Molded DIP 

LM7121 AIN, LM7121BIN 

N08E 

Rails 

8-Pin Small Outline 

LM7121 AIM, LM7121BIM 

M08A 

Rails 


LM7121AIMX, LM7121BIMX 

Tape and Reel 

5-Pin SOT 23-5 

LM7121AIM5, LM7121BIM5 

MA05A 

Rails 


LM7121 AIM5X, LM7121BIM5X 

Tape and Reel 
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National Semiconductor 


LM7131 

Tiny High Speed Single Supply Operational Amplifier 


General Description 

The LM7131 is a high speed bipolar operational amplifier 
available in a tiny SOT23-5 package. This makes the 
LM7131 ideal for space and weight critical designs. Single 
supply voltages of 3V and 5V provides good video perform- 
ance, wide bandwidth, low distortion, and high PSRR and 
CMRR. This makes the amplifier an excellent choice for 
desktop and portable video and computing applications. 
The amplifier is supplied in DIPs, surface mount 8-pin pack- 
ages, and tiny SOT23-5 packages. 

Tiny amplifiers are so small they can be placed anywhere on 
a board close to the signal source or next to an A-to-D input. 
Good high speed performance at low voltage makes the 
LM7131 a preferred part for battery powered designs. 


Features 

■ Tiny SOT23-5 package saves space-typical circuit lay- 
outs take half the space of SO-8 designs. 

■ Guaranteed specs at 3V, 5V, and ± 5V supplies 

■ Typical supply current 7.0 mA at 5V, 6.5 mA at 3V 

■ 4V output swing with + 5V single supply 

■ Typical total harmonic distortion of 0.1% at 4 MHz 

■ 70 MHz Gain-Bandwidth Product 

■ 90 MHz -3 dB bandwidth at 3V and 5V, Gain = +1 

■ Designed to drive popular video A/D converters 

■ 40 mA output can drive 50ft loads 

■ Differential gain and phase 0.25% and 0.75° at A v = 
+ 2 

Applications 

■ Driving video A/D converters 

■ Video output for portable computers and PDAs 

■ Desktop teleconferencing 

■ High fidelity digital audio 

■ Video cards 


Connection Diagrams 


INVERTING INPUT 

NON-INVERTING 

INPUT 

rU 



OUTPUT 


Top View 


5-Pin SOT23-5 



Package 

Ordering 

Information 

NSC Drawing 
Number 

Package 

Marking 

Supplied as 

8-Pin DIP 

LM7131ACN 

N08E 

LM7131ACN 

rails 

8-Pin DIP 

LM7131BCN 

N08E 

LM7131BCN 

rails 

8-Pin SO-8 

LM7131ACM 

M08A 

LM7131ACM 

rails 

8-Pin SO-8 

LM7131BCM 

M08A 

LM7131BCM 

rails 

8-Pin SO-8 

LM7131ACMX 

M08A 

LM7131ACM 

2.5k units tape and reel 

8-Pin SO-8 

LM7131BCMX 

M08A 

LM7131BCM 

2.5k units tape and reel 

5-Pin SOT 23-5 

LM7131ACM5 

MA05A 

A02A 

250 units on tape and reel 

5-Pin SOT 23-5 

LM7131BCM5 

MA05A 

A02B 

250 units on tape and reel 

5-Pin SOT 23-5 

LM7131ACM5X 

MA05A 

A02A 

3k units tape and reel 

5-Pin SOT 23-5 

LM7131BCM5X 

MA05A 

A02B 

3k units tape and reel 
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Absolute Maximum Ratings (Notei) 





If Military/ Aerospace specified devices are required, Lead Temperature (soldering, 10 sec) 

260°C 

please contact the National Semiconductor Sales Storage Temperature Range 

— 65°C to + 1 50°C 

Office/Distributors for availability and specifications. Junction Tem perature (Note 4) 


150°C 

ESD Tolerance (Note 2) 

2000V 





Differential Input Voltage 

± 2.0 Operating Ratings 



Voltage at Input/Output Pin (V±) + 0.1 V, (V~) - 0.3V Supply Voltage (V+ - V") 

2.7V ^ V ^ 12V 

Supply Voltage (V+ -V~) 

12V Junction Temperature Range 



Current at Input Pin 

± 5 mA LM71 31 AC, LM71 31 BC 

0°C £ Tj £ + 70°C | 

Current at Output Pin (Note 3) 

±80 mA Thermal Resistance (0 ja) 



Current at Power Supply Pin 

±80 mA N Package, 8-Pin Molded DIP 

1 1 5°C/W 



SO-8 Package, 8-Pin Surface Mount 1 65°C/W 

M05A Package, 5-Pin Surface Mount 325°C/W 

3V DC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ = 

3V, V- = 

0V, Vqm = Vq = V+/2 and R|_ = 150ft. Boldface limits apply at the temperature extremes. 





Typ 

(Note 5) 

LM7131AC 

LM7131BC 


Symbol 

Parameter 

Conditions 

Limit 
(Note 6) 

Limit 
(Note 6) 

Units 

Vos 

Input Offset Voltage 


0.02 

2 

7 

mV 




4 

10 

max 

TCV 0S 

Input Offset Voltage 
Average Drift 


10 



jutV/°C 

is 

Input Bias Current 





/jlA 






max 

!0S 

Input Offset Current 





fxA 






max 

CMRR 


0V £ V C m £ 0.85V 

75 

60 

60 

dB 



(Video Levels) 

55 

55 

min 

CMRR 


0.85V ^ V C m ^ 1-7V 

70 

55 

55 

dB 



(Mid-Range) 

50 

50 

min 

+ PSRR 

Positive Power Supply 

V+ = 3V,V~ = 0V 

75 

65 


dB 


Rejection Ratio 

V+ = 3V to 6.5V 

60 


min 

— PSRR 

Negative Power Supply 

V- = — 3V, V + = 0V 

75 

65 


dB 


Rejection Ratio 

V- = — 3V to -6.5V 

60 


min 

VcM 

Input Common-Mode 

> 

CO 

II 

+ 

> 

0.0 



V 


Voltage Range 

For CMRR ^ 50 dB 

WmESSm 


min 





1 


V 






max 

AvOL 

Voltage Gain 

R L = 1 50ft, V 0 = 0.250V 

60 

55 

55 

dB 



to 1.250V 

50 

50 

C IN 

Common-Mode 


o 



PF 


Input Capacitance 
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LM7131 


3V DC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Tj = 25°C, V + — 
3V, v~ = OV, Vqm = Vq = V+ /2 and Rl = 1 50ft. Boldface limits apply at the temperature extremes. (Continued) 





Typ 

(Note 5) 

LM7131AC 

LM7131BC 


Symbol 

Parameter 

Conditions 

Limit 
(Note 6) 

Limit 
(Note 6) 

Units 

Vo 

Output Swing 

V+ = 3V,R L = 150ft 

2.6 



V 


High 

terminated at OV 




min 


Low 

V+ = 3V,R L = 150ft 

0.05 

0.15 

0.15 

V 



terminated at OV 


0.20 

0.20 

max 


High 

V+ = 3V,R l = 150ft 

2.6 



V 



terminated at 1 .5V 




min 


Low 

V+ = 3V,R l = 150ft 

0.5 

0.8 

0.8 

V 



terminated at 1 .5V 


1.0 

1.0 

max 

Vo 

Output Swing 

V+ = 3V, R l = 600ft 

2.73 



V 


High 

terminated at OV 



max 

Vo 

Output Swing 

V+ = 3V, R l = 600ft 

0.06 



V 


Low 

terminated at OV 



max 

■sc 

Output Short Circuit 

Sourcing, Vq = OV 

65 

45 

45 

mA 


Current 


40 

40 

min 



Sinking, Vo = 3V 

40 


25 

mA 





20 

min 

•s 

Supply Current 

V+ = + 3V 

6.5 

8.0 

8.0 

mA 




8.5 

8.5 

max 


3V AC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ = 
3V, V~ = OV, Vcm = Vq = V+ /2 and Rl = 1 50ft. Boldface limits apply at the temperature extremes. 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LM7131AC 
Limit 
(Note 6) 

LM7131BC 
Limit 
(Note 6) 

Units 

T.H.D. 

Total Harmonic Distortion 

F = 4 MHz, A v = + 2 

R l = 150H, Vq = I.OVpp 

0.1 





Differential Gain 

(Note 10) 

0.45 





Differential Phase 

(Note 10) 

0.6 



. • 

SR 

Slew Rate 

Rl = 150ft, Cl = 5 pF 
(Note 7) 

120 




SR 

Slew Rate 

R l = 150ft, C L = 20 pF 
(Note 7) 

100 



V/fJL S 

GBW 



70 



MHz 


Closed-Loop - 3 dB 
Bandwidth 


90 



MHz 

— 
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5V DC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ = 
5V, V - = OV, Vcm = Vq = V+ /2 and R|_ = 1 50ft. Boldface limits apply at the temperature extremes. 





Typ 

(Note 5) 

LM7131AC 

LM7131BC 


Symbol 

Parameter 

Conditions 

Limit 

Limit 

Units 



i 

(Note 6) 

(Note 6) 


Vos 

Input Offset Voltage 


0.02 

2 

4 

7 

10 

mV 

max 

TCVos 

Input Offset Voltage 
Average Drift 


10 



JLlV/°C 

•b 

Input Bias Current 


20 

30 

30 

jliA 



1 

40 

40 

max 

•os 

Input Offset Current 


0.35 

3.5 

5 

3.5 

5 

fxA 

max 

CMRR 

Common Mode 

ov ^ V C M ^ 1.85V 

75 

65 

65 

dB 


Rejection Ratio 

(Video Levels) 

60 

60 

min 

CMRR 

Common Mode 

1.85V ^ V C m ^ 3.7V 

70 

55 

55 

dB 


Rejection Ratio 

(Mid-Range) 

50 

50 

min 

+ PSRR 

Positive Power Supply 

V+ = 5V,V~ = OV 

75 

65 

65 

dB 


Rejection Ratio 

V+ = 5 V to 1 0V 

60 

60 

min 

- PSRR 

Negative Power Supply 

V- = - 5V, V+ = OV 

75 

65 

65 

dB 


Rejection Ratio 

> 

o 

T 

0 

> 

10 

1 

11 

1 

> 

60 

60 

min 

V C m 

Input Common-Mode 

V+ = 5V 

0.0 

- 0.0 

- 0.0 

V 


Voltage Range 

For CMRR ^ 50 dB 

0.00 

0.00 

min 




4.0 

3.70 

3.70 

V 

"" 



3.60 

3.60 

max 

a VOL 

Voltage Gain 

R l = 150ft, Vq = 

70 

60 

60 

dB 



0.250V to 2.250V 

55 

55 

min 

C IN 

Common-Mode 


o 



pF 


Input Capacitance 


c. 



Vo 

Output Swing 

V+ = 5V, R l = 150ft 

4.5 

4.3 

4.3 

V 


High 

terminated at OV 

4.0 

4.0 

min 


Low 

V+ = 5V, R l = 150ft 

0.08 

0.15 

0.15 

V 



terminated at OV 

0.20 

0.20 

max 


High 

V+ = 5V,R l = 150ft 

4.5 

4.3 

4.3 

V 



terminated at 2.5 V 

4.0 

4.0 

min 


Low 

V+ = 5V, R L - 150ft 

0.5 

0.8 

0.8 

V 



terminated at 2.5 V 

1.0 

1.0 

max 

Vo 

Output Swing 

V+ = 5V, R L = 600fi 

4.70 



V 


High 

terminated at 0V 



max 

Vo 

Ouptut Swing 

V+ = 5V, R l = 600ft 

0.07 



V 


Low 

terminated at 0V 



max 

isc 

Output Short Circuit 

Sourcing, Vq = 0V 

65 

45 

45 

mA 


Current 


40 

40 

min 



Sinking, Vq = 5V 

40 

25 

25 

mA 




20 

20 

min 

Is 

Supply Current 

V + = +5V 

7.0 

8.5 

8.5 

mA 




9.0 

9.0 

max 
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Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LM7131AC 
Limit 
(Note 6) 

LM7131BC 

Limit 
(Note 6) 

Units 

T.H.D. 

Total Harmonic Distortion 

F = 4 MHz, A v = +2 

R l = 150(1, Vq = 2.0V P p 

0.1 



% 


Differential Gain 

(Note 10) 

0.25 



% 


Differential Phase 

(Note 10) 

0.75 



0 

SR 

Slew Rate 

R|_ = 150(1, Cl = 5 pF 
(Note 8) 




V/jLlS 

SR 

Slew Rate 

R L = 150(1, C L = 20 pF 
(Note 8) 




V//AS 

GBW 

Gain-Bandwidth Product 


70 



MHz 


Closed-Loop -3 dB 
Bandwidth 


90 



MHz 

e n 

Input-Referred 

Voltage Noise 

f = 1 kHz 

11 



nV 

a/Hz 

■n 

Input-Referred 

Current Noise 

f = 1 kHz 

3.3 



pA 

VHi 

— 


5V AC Electrical Characteristics Unless otherwise specified, all limits guaranteed for tj = 25°C, V + 
5V, V- = OV, Vqm = Vq = V+ /2 and Rl = 1 50(1. Boldface limits apply at the temperature extremes. 


+ 5V DC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Tj = 25°C, 
= 5 V, V~ = 5V, Vqm = Vq = OV and Rl = 150(1. Boldface limits apply at the temperature extremes. 


V+ 


Symbol 


Parameter 


Conditions 


Typ 

(Note 5) 


LM7131AC 
Limit 
(Note 6) 


LM7131BC 
Limit 
(Note 6) 


Units 


v OS 


Input Offset Voltage 


0.02 


7 

10 


mV 

max 


TCVqs 


Input Offset Voltage 
Average Drift 


10 


jmV/°C 


Input Bias Current 


20 


30 

40 


30 

40 


jjlA 

max 


tos 


Input Offset Current 


0.35 


3.5 

5 


3.5 

5 


julA 

max 


CMRR 


Common Mode 
Rejection Ratio 


-5V <: V CM <: 3.7V 


75 


65 

60 


65 

60 


dB 

min 


+ PSRR 


Positive Power Supply 
Rejection Ratio 


V+ = 5V, V- = OV 
V+ = 5 V to 1 0 V 


75 


65 

60 


65 

60 


dB 

min 


-PSRR 


Negative Power Supply 
Rejection Ratio 


V- = — 5V, V+ = OV 
V- = — 5V to -10V 


75 


65 

60 


65 

60 


dB 

min 


Vcm 


Input Common-Mode 
Voltage Range 


V+ * 5V,V~ = — 5V 
For CMRR ;> 60 dB 


-5.0 


-5.0 

-5.0 


-5.0 

-5.0 


V 

min 


4.0 


3.70 

3.60 


3.70 

3.60 


V 

max 


Avol 


Voltage Gain 


R|_ = 150n, 

V 0 = -2.0 to +2.0 


70 


55 

50 


55 

50 


dB 
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± 5V DC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ 
= 5V, V~ = 5V, Vqm = Vq = OV and Rl = 15011. Boldface limits apply at the temperature extremes. (Continued) 





Typ 

(Note 5) 

LM7131AC 

LM7131BC 


Symbol 

Parameter 

Conditions 

Limit 
(Note 6) 

Limit 
(Note 6) 

Units 

C|N 

Common-Mode 





PF 


Input Capacitance 





v 0 

Output Swing 

V+ = 5V, V- = — 5V 

4.5 





High 

R L = 15011 





Low 

terminated at 0V 

-4.5 










•sc 

Output Short Circuit 

Sourcing, Vq = — 5V 

65 

45 

45 

mA 


Current 


40 

40 

min 



Sinking, Vq = 5V 

40 

25 

25 

mA 




20 

20 

min 

•s 

Supply Current 

V+ = +5V, V- = — 5V 

7.5 

9 

9 

mA 




10 

10 

max 


± 5V AC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ 
= 5V, V~ = 5V, Vqm = Vq = 0V and Rl = 15011. Boldface limits apply at the temperature extremes. 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LM7131AC 

Limit 
(Note 6) 

LM7131BC 

Limit 
(Note 6) 

Units 

T.H.D. 

Total Harmonic Distortion 

F = 4 MHz, A v = -2 

R L = 15011, V 0 = 4.0V P p 

1.5 



% 


Differential Gain 

(Note 10) 

0.25 



% 


Differential Phase 

(Note 10) 

1.0 




SR 

Slew Rate 

Rl = 15011, Cl = 5 pF 
(Note 9) 

150 



V/jLlS 

SR 

Slew Rate 

R l = 150H,C l = 20 pF 
(Note 9) 

130 



V/jns 

GBW 

Gain-Bandwidth Product 


70 



MHz 


Closed-Loop -3 dB 
Bandwidth 


90 



MHz 


Note 1: Absolute maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical characteristics. 
Note 2: Human body model, 1.5 kft in series with 100 pF. 

Note 3: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. 

Note 4: The maximum power dissipation is a function of Tj( max ), 0j A , and T A . The maximum allowable power dissipation at any ambient temperature is Pq = 
Oj(max) - T a )/0j A . All numbers apply for packages soldered directly into a PC board. 

Note 5: Typical values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: Connected as voltage follower with 1.5V step input. Number specified is the slower of the positive and negative slew rates. V+ = 3V and Rl = 150ft 
connected to 1.5V. Amp excited with 1 kHz to produce Vq = 1.5 Vpp. 

Note 8: Connected as Voltage Follower with 4.0V step input. Number specified is the slower of the positive and negative slew rates. V+ = 5V and Rl = 150ft 
connected to 2.5V. Amp excited with 1 kHz to produce Vo = 4 Vpp. 

Note 9: Connected as Voltage Follower with 4.0V step input. Number specified is the slower of the positive and negative slew rates. V+ = 5V, V - - -5V and 
Rl = 1 50ft connected to 0V. Amp excited with 1 kHz to produce Vo = 4 Vpp. 

Note 10: Differential gain and phase measured with a 4.5 MHz signal into a 150ft load, Gain = +2.0, between 0.6V and 2.0V output. 
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Input Current (/zA) Supply Current (mA) 


CO 

I**. 


Typical Performance Characteristics 


LM7131 Supply Current vs 
Supply Voltage 



3 456789 10 

Supply Voltage (V) 


LM7131 Input Current vs 
Temperature @ 3V 



-40 -20 0 20 40 60 80 100 120 140 
Case Temperature (C) 


LM7131 Input Current vs 
Temperature @ 5V 


V S = + 5V I 

" R| = 150 ~\ 

- Vim = V n ii T = IV 


-40 -20 0 20 40 60 80 100 120 140 
Case Temperature (C) 


LM7131 Input Current vs 
Input Voltage @ 3V 



LM7131 Input Current vs 
Input Voltage @ 5V 


LM7131 CMRR vs 
Frequency @ 5V 



1.5 2 2.5 3 3.5 4 4.5 5 


10 100 1000 10k 100k 1M 10M 


LM7131 Voltage Noise vs 
Frequency @ 3V 



LM7131 Voltage Noise vs 
Frequency @ 5V 


LM7131 PSRRvs 
Frequency @ 3V 



10 100 1000 10k 100k 


10 100 1000 10k 100k 


10 100 1000 10k 100k 1M 10M 100M 


LM7131 PSRR vs 
Frequency @ 5V 



LM7131 Cable Driver 
A v = +1 @ +3V 



LM7131 Cable Driver 
A v = +2 @ + 3V 



10 100 1000 10k 100k 1M 10W 100M 


50 ns/div m 
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Typical Performance Characteristics (Continued) 


LM7131 Driving 5' 
RG-59 A v = + 2@ 



LM7131 Driving 75' 
RG-59 A v = +2@ +3V 



LM7131 Cable Driver 
A v = +10@ + 3V 



LM7131 Cable Driver 
A v = +1 @ +5V 



LM7131 Cable Driver 
A v = +2@ +5V 



LM7131 Driving 5' RG-59 
A v = +2@ + 5V 



50 ns/div [HI 


LM7131 Driving 75' RG-59 
A v = +2@ +5V 




50 ns/div HI] 


LM7131 Cable Driver 
A v = +10@ +5V 


LM7131 Driving Flash 
A/D Load A v = +1 @ +5V 




50 ns/div HI] 


LM7131 Driving Flash 
A/D Load A v = -1 @ +5V 


50 ns/div HD 


LM7131 Driving Flash 
A/D Load A v = +2@ +5V 



50 ns/div 1^ I 


LM7131 Driving Flash 
A/D Load A v = +5 @ +5V 


m 



0 ns/div HD 

TL/H/12313-4 
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Application Information 

GENERAL INFORMATION 

The LM7131 is a high speed complementary bipolar amplifi- 
er which provides high performance at single supply volt- 
ages. The LM7131 will operate at ±5V split supplies, +5V 
single supplies, and +3V single supplies. It can provide im- 
proved performance for ±5V designs with an easy tran- 
sition to +5V single supply. The LM7131 is a voltage feed- 
back amplifier which can be used in most operational ampli- 
fier circuits. 

The LM7131 is available in three package types: DIPs for 
through hole designs, SO-8 surface mount packages and 
the SOT23-5 Tiny package for space and weight savings. 
The LM7131 has been designed to meet some of the most 
demanding requirements for single supply amplifiers — driv- 
ing analog to digital converters and video cable driving. The 
output stage of the LM7131 has been specially designed for 
the dynamic load presented by analog to digital converters. 
The LM7131 is capable of a 4V output range with a +5V 
single supply. The LM7131’s drive capability and good dif- 
ferential gain and phase make quality video possible from a 
small package with only a + 5V supply. 

BENEFITS OF THE LM7131 

The LM7131 can make it possible to amplify high speed 
signals with a single + 5V or + 3V supply, saving the cost of 
split power supplies. 

EASY DESIGN PATH FROM ±5V to + 5V SYSTEMS 

The DIP and SO-8 packages and similar ±5V and single 
supply specifications means the LM7131 may be able to 
replace many more expensive or slower op amps, and then 
be used for an easy transition to 5V single supply systems. 
This could provide a migration path to lower voltages for the 
amplifiers in system designs, reducing the effort and ex- 
pense of testing and re-qualifying different op amps for each 
new design. 

In addition to providing a design migration path, the three 
packages types have other advantages. 

The DIPs can be used for easy prototyping and through hole 
boards. The SO-8 for surface mount board designs, and 
using the SOT23-5 for a smaller surface mount package can 
save valuable board space. 

SPECIFIC ADVANTAGES OF SOT23-5 (TINY PACKAGE) 

The SOT23-5 (Tiny) package can save board space and 
allow tighter layouts. The low profile can help height limited 
designs, such as sub-notebook computers, consumer video 
equipment, personal digital assistants, and some of the 
thicker PCMCIA cards. The small size can improve signal 
integrity in noisy environments by placing the amplifier clos- 
er to the signal source. The tiny amp can fit into tight spaces 
and weighs little. This makes it possible to design the 
LM7131 into places where amplifiers could not previously 
fit. 

The LM7131 can be used to drive coils and transformers 
referenced to virtual ground, such as magnetic tape heads 


and disk drive write heads. The small size of the SOT23-5 
package can allow it to be placed with a pre-amp inside of 
some rotating helical scan video head (VCR) assemblies. 
This avoids long cable runs for low level video signals, and 
can result in higher signal fidelity. 

Additional space savings parts are available in tiny pack- 
ages from National Semiconductor, including low power am- 
plifiers, precision voltage references, and voltage regula- 
tors. 

Notes on Performance Curves and 
Datasheet Limits 

Important: 

Performance curves represent an average of parts, and are 
not limits. 

SUPPLY CURRENT vs SUPPLY VOLTAGE 

Note that this curve is nearly straight, and rises slowly as 
the supply voltage increases. 

INPUT CURRENT vs INPUT VOLTAGE 

This curve is relatively flat in the 200 mV to 4V input range, 
where the LM7131 also has good common mode rejection. 

COMMON MODE VOLTAGE REJECTION 

Note that there are two parts to the CMRR specification of 
the datasheet for 3V and 5V. The common mode rejection 
ratio of the LM7131 has been maximized for signals near 
ground (typical of the active part of video signals, such as 
those which meet the RS-1 70 levels). This can help provide 
rejection of unwanted noise pick-up by cables when a bal- 
anced input is used with good input resistor matching. The 
mid-level CMRR is similar to that of other single supply op 
amps. 

BODE PLOTS (GAIN vs FREQUENCY FOR A v = +1) 

The gain vs. frequency plots for a non-inverting gain of 1 
show the three voltages with the 1 50 Cl load connected in 
two ways. For the single supply graphs, the load is connect- 
ed to the most negative rail, which is ground. For the split 
supply graphs, the load is connected to a voltage halfway 
between the two supply rails. 

DRIVING CABLES 

Pulse response curves for driving 75H back terminate ca- 
bles are shown for both 3V and 5V supplies. Note the good 
pulse fidelity with straight 150 loads, five foot (1.5 meter) 
and 75 foot (22 meter) cable runs. The bandwidth is re- 
duced when used in a gain of ten (Ay = +10). Even in a 
gain of ten configuration, the output settles to < 1% in 
about 1 00 ns, making this useful for amplifying small signals 
at a sensor or signal source and driving a cable to the main 
electronics section which may be located away from the 
signal source. This will reduce noise pickup. 

Please refer to Figures 1-5 for schematics of test setups 
for cable driving. 
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Application Information (Continued) 

DRIVING TYPE 1175 FLASH A/D LOADS 

The circuits in Figures 6-11 show a LM7131 in a voltage 
follower configuration driving the passive equivalent of a 
typical flash A/D input Note that there is a slight ringing on 
the output, which can affect accurate analog-to-digital con- 
version. In these graphs, we have adjusted the ringing to be 
a little larger than desirable in order to better show the set- 
tling time. Most settling times at low gain are about 75 ns to 
< 1 % of final voltage. The ringing can be reduced by add- 
ing a low value (approximately 50011) feedback resistor from 
the output to the inverting input and placing a small (picofar- 


ad range) capacitor across the feedback resistor. See Fig- 
ures 9 and 10 for schematics and respective performance 
curves for flash A/D driving at Ay = +5 with and without a 
2 pF feedback capacitor. 

See section on feedback compensation. Ringing can also 
be reduced by placing an isolation resistor between the out- 
put and the analog-to-digital converter input — see sections 
on driving capacitive loads and analog-to-digital converters. 
Please refer to Figures 6-11 for schematics of test setups 
for driving flash A/D converters. 


Tek 



TL/H/12313-14 

Numbers in parentheses are measured 
fixture capacitances w/o DUT and load. 

FIGURE 6. Flash A/D A v = - 1 


5.5 pF 



TL/H/12313-15 

Numbers in parentheses are measured 
fixture capacitances w/o DUT and load. 

FIGURE 7. Flash A/D A v = + 1 
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5 pF 



TL/H/12313-16 

Numbers in parentheses are measured 
fixture capacitances w/o DUT and load. 

FIGURE 8. Flash A/D A v = + 2 



TL/H/12313-17 

Numbers in parentheses are measured 
fixture capacitances w/o DUT and load. 

FIGURE 9. Flash A/D A v = + 5 
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2pF 



TL/H/12313-18 

Numbers in parentheses are measured 
fixture capacitances w/o DUT and load. 

FIGURE 10. Flash A/D A v = + 5 with Feedback Capacitor 



TL/H/12313-19 


Numbers in parentheses are measured 
fixture capacitances w/o DUT and load. 


FIGURE 11. Flash A/D A v = +10 





Using the LM7131 

LIMITS AND PRECAUTIONS 
Supply Voltage 

The absolute maximum supply voltage which may be ap- 
plied to the LM7131 is 12V. Designers should not design for 
more than 10V nominal, and carefully check supply toler- 
ances under all conditions so that the voltages do not ex- 
ceed the maximum. 

Differential Input Voltage 

Differential input voltage is the difference in voltage be- 
tween the non-inverting (+) input and the inverting input 
(-) of the op amp. The absolute maximum differential input 
voltage is ±2V across the inputs. This limit also applies 
when there is no power supplied to the op amp. This may 
not be a problem in most conventional op amp designs, 
however, designers should avoid using the LM7131 as com- 
parator or forcing the inputs to different voltages. In some 
designs, diode protection may be needed between the in- 
puts. See Figure 12. 

Gain of + 2 



Output Short Circuits 

The LM7131 has output short circuit protection, however, it 
is not designed to withstand continuous short circuits, very 
fast high energy transient voltage or current spikes, or 
shorts to any voltage beyond the power supply rails. De- 
signs should reduce the number and energy level of any 
possible output shorts, especially when used with ± 5V sup- 
plies. 

A resistor in series with the output, such as the 75ft resistor 
used to back terminate 75ft cables, will reduce the effects 
of shorts. For outputs which will send signals off the PC 
board additional protection devices, such as diodes to the 
power rails, zener-type surge suppressors, and varistors 
may be useful. 

Thermal Management 

Note that the SOT23-5 (Tiny) package has less power dissi- 
pation capability (325°/W) than the SO-8 and DIP packages 
(1 15°/W). This may cause overheating with ±5 supplies 
and heavy loads at high ambient temps. This is less of a 
problem when using + 5 V single supplies. 

Example: 

Driving a 150ft load to 2.0V at a 40°C (104 °F) ambient 
temperature. (This is common external maximum tempera- 
ture for office environments. Temperatures inside equip- 
ment may be higher.) 


No load power- 

No load LM7131 supply current - 9.0 mA 
Supply voltage is 5.0V 

No load LM7131 power - 9.0 mA x 5.0V = 45 mW 
Power with load- 

Current out is 2.0V/ 150 ft = 13.33 mA 
Voltage drop in LM7131 is 5.0V (supply) - 2.0 V 
(output) = 3.0V 

Power dissipation 13.33 mA x 3.0V = 40 mW 
Total Power = 45 mW 4- 40 mW = 85 mW = 
0.085 

Temperature Rise = 0.085 W x 325°/W = 27.625 
degrees 

Junction temperature at 40° ambient = 40 + 
27.625 = 67.6225°. 

This device is within the 0° to 70° specification limits. 

The 325° /W value is based on still air and the pc board land 
pattern shown in this datasheet. Actual power dissipation is 
sensitive to PC board connections and airflow. 

SOT23-5 power dissipation may be increased by airflow or 
by increasing the metal connected to the pads, especially 
the center pin (pin number 2, V-) on the left side of the 
SOT23-5. This pin forms the mounting paddle for the die 
inside the SOT23-5, and can be used to conduct heat away 
from the die. The land pad for pin 2 can be made larger 
and/or connected to power planes in a multilayer board. 
Additionally, it should be noted that difficulty in meeting per- 
formance specifications for the LM7131 is most common at 
cold temperatures. While excessively high junction tempera- 
tures will degrade LM7131 performance, testing has con- 
firmed that most specifications are met at a junction temper- 
ature of 85°C. 

See “Understanding Integrated Circuit Package Power Ca- 
pabilities”, Application Note AN-336, which may be found in 
the appendix of the Operational Amplifier Databook. 

Layout and Power Supply Bypassing 

Since the LM7131 is a high speed (over 50 MHz) device, 
good high speed circuit layout practices should be followed. 
This should include the use of ground planes, adequate 
power supply bypassing, removing metal from around the 
input pins to reduce capacitance, and careful routing of the 
output signal lines to keep them away from the input pins. 
The power supply pins should be bypassed on both the neg- 
ative and positive supply inputs with capacitors placed close 
to the pins. Surface mount capacitors should be used for 
best performance, and should be placed as close to the 
pins as possible. It is generally advisable to use two capaci- 
tors at each supply voltage pin. A small surface mount ca- 
pacitor with a value of around 0.01 microfarad (10 nF), usu- 
ally a ceramic type with good RF performance, should be 
placed closest to the pin. A larger capacitor, in usually in the 
range of 1 .0 juF to 4.7 jliF, should also be placed near the 
pin. The larger capacitor should be a device with good RF 
characteristics and low ESR (equivalent series resistance) 
for best results. Ceramic and tantalum capacitors generally 
work well as the larger capacitor. 

For single supply operation, if continuous low impedance 
ground planes are available, it may be possible to use by- 
pass capacitors between the + 5V supply and ground only, 
and reduce or eliminate the bypass capacitors on the V— 
pin. 
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Using the LM7131 (Continued) 

Capacitive Load Driving 

The phase margin of the LM7131 is reduced by driving large 
capacitive loads. This can result in ringing and slower set- 
tling of pulse signals. This ringing can be reduced by placing 
a small value resistor (typically in the range of 22n-100H) 
between the LM7131 output and the load. This resistor 
should be placed as close as practical to the LM7131 out- 
put. When driving cables, a resistor with the same value as 
the characteristic impedance of the cable may be used to 
isolate the cable capacitance from the output. This resistor 
will reduce reflections on the cable. 

Input Current 

The LM7131 has typical input bias currents in the 15 juA to 
25 jllA range. This will not present a problem with the low 
input impedances frequently used in high frequency and vid- 
eo circuits. For a typical 750 input termination, 20 /xA of 
input current will produce a voltage across the termination 
resistor of only 1.5 mV. An input impedance of 10 kO, how- 
ever, would produce a voltage of 200 mV, which may be 
large compared to the signal of interest. Using lower input 
impedances is recommended to reduce this error source. 

Feedback Resistor Values and Feedback Compensation 

Using large values of feedback resistances (roughly 2k) with 
low gains (such gains of 2) will result in degraded pulse 
response and ringing. The large resistance will form a pole 
with the input capacitance of the inverting input, delaying 
feedback to the amplifier. This will produce overshoot and 
ringing. To avoid this, the gain setting resistors should be 
scaled to lower values (below Ik) At higher gains (> 5) 
larger values of feedback resistors can be used. 

Overshoot and ringing of the LM7131 can be reduced by 
adding a small compensation capacitor across the feed 
back resistor. For the LM7131 values in pF to tens of pF 
range are useful initial values. Too large a value will reduce 
the circuit bandwidth and degrade pulse response. 

Since the small stray capacitance from the circuit layout, 
other components, and specific circuit bandwidth require- 
ments will vary, it is often useful to select final values based 
on prototypes which are similar in layout to the production 
circuit boards. 

Reflections 

The output slew rate of the LM7131 is fast enough to pro- 
duce reflected signals in many cables and long circuit 
traces. For best pulse performance, it may be necessary to 
terminate cables and long circuit traces with their character- 
istic impedance to reduce reflected signals. 

Reflections should not be confused with overshoot. Reflec- 
tions will depend on cable length, while overshoot will de- 
pend on load and feedback resistance and capacitance. 
When determining the type of problem, often removing or 
drastically shortening the cable will reduce or eliminate re- 
flections. Overshoot can exist without a cable attached to 
the op amp output. 


Driving Flash A/D Converters (Video Converters) 

The LM7131 has been optimized to drive flash analog to 
digital converters in a + 5V only system. Different flash A/D 
converters have different voltage input ranges. The LM7131 
has enough gain-bandwidth product to amplify standard vid- 
eo level signals to voltages which match the optimum input 
range of many types of A/D converters. 

For example, the popular 1175 type 8-bit flash A/D convert- 
er has a preferred input range from 0.6V to 2.6V. If the input 
signal has an active video range (excluding sync levels) of 
approximately 700 mV, a circuit like the one in Figure 13 can 
be used to amplify and drive an A/D. The 10 jmF capacitor 
blocks the DC components, and allows the + input of the 
LM7131 to be biased through R clamp so that the minimum 
output is equal to Vrb of the A/D converter. The gain of the 
circuit is determined as follows: 

Output Signal Range = 2.6 V (V top) = 0.6V (V bot- 
tom) = 2.0V 

Gain = Output Signal Range/Input Signal = 2.857 

= 2.00/0.700 

Gain = (R f /Ri) +1 = (249H/133a) +1 
R isolation and Cf will be determined by the designer based 
on the A/D input capacitance and the desired pulse re- 
sponse of the system. The nominal values of 33H and 5.6 
pF shown in the schematic may be a useful starting point, 
however, signal levels, A/D converters, and system per- 
formance requirements will require modification of these 
values. 

The isolation resistor, R isolation should be placed close to 
the output of the LM7131 , which should be close to the A/D 
input for best results. 

R clamp is connected to a voltage level which will result in 
the bottom of the video signal matching the Vrb level of the 
A/D converter. This level will need to be set by clamping the 
black level of the video signal. The clamp voltage will de- 
pend on the level and polarity of the video signal. Detecting 
the sync signal can be done by a circuit such as the LM1 881 
Video Sync Separator. 

Important Note: This is an illustration of a conceptual use of the LM7131, 
not a complete design. The circuit designer will need to modify this for input 
protection, sync, and possibly some type of gain control for varying signal 
levels. 

Some A/D converters have wide input ranges where the 
lower reference level can be adjusted. With these convert- 
ers, best distortion results are obtained if the lower end of 
the output range is about 250 mV or more above the V- 
input of the LM7131 more. The upper limit can be as high as 
4.0V with good results. 

Driving the ADC 12062 + 5V 12-BIT A/D Converter 

Figure 14 shows the LM7131 driving a National ADC12062 
12 bit analog to digital converter. Both devices can be pow- 
ered from a single + 5V supply, lowering system complexity 
and cost. With the lowest signal voltage limited to 300 mV 
and a 3.8V peak-to-peak 100 KHz signal, bench tests have 
shown distortion less than -75 db, signal to noise ratios 
greater than 66 db, and SINAD (signal to noise + distortion) 
values greater than 65 db. For information on the latest sin- 
gle supply analog-to-digital converters, please contact your 
National Semiconductor representative. 
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Switch closes on black level of sync 



TL/H/12313-21 



FIGURE 14. Buffering the Input with an LM7131 High Speed Op Amp 
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Using the LM7131 (Continued) 

CCD Amplifiers 

The LM7131 has enough gain bandwidth to amplify low lev- 
el signals from a CCD or similar image sensor and drive a 
flash analog-to-digital converter with one amplifier stage. 
Signals from CCDs, which are used in scanners, copiers, 
and digital cameras, often have an output signal in the 1 00 
mV-300 mV range. See Figure 15 for a conceptual dia- 
gram. With a gain of 6 the output to the flash analog-to- 
digital converter is 1.8V, matching 90% of the converter’s 
2V input range. With a -3db bandwidth of 70 MHz for a 
gain of 4- 1 , the bandwidth at a gain of 6 will be 1 1 .6 MHz. 
This 1 1 .6 MHz bandwidth will result in a time constant of 
about 13.6 ns. This will allow the output to settle to 7 bits of 
accuracy within 4.9 time constants, or about 66 ns. Slewing 
time for a 1.8V step will be about 12 ns. The total slewing 
and settling time will be about 78 ns of the 1 50 ns pixel valid 
time. This will leave about 72 ns total for the flash converter 
signal acquisition time and tolerance for timing signals. 

For scanners and copiers with moving scan bars, the 
SOT23-5 package is small enough to be placed next to the 
light sensor. The LM7131 can drive a cable to the main 
electronics section from the scan bar. This can reduce 
noise pickup by amplifying the signal before sending on the 
cable. 

A/D Reference Drivers 

The LM713Ts output and drive capability make it a good 
choice for driving analog-to-digital references which have 
suddenly changing loads. The small size of the SOT23-5 
package allow the LM7131 to be placed very close to the 
A/D reference pin, maximizing response. The small size 
avoids the penalty of increased board space. Often the 
SOT23-5 package is small enough that it can fit in space 
used by the large capacitors previously attached to the A/D 
reference. By acting as a buffer for a reference voltage, 
noise pickup can be reduced and the accuracy may be in- 
creased. 


For additional space savings, the LM4040 precision voltage 
reference is available in a tiny SOT23-3 package. 

Video Gain of + 2 

The design of the LM7131 has been optimized for gain of 
+ 2 video applications. Typical values for differential gain 
and phase are 0.25% differential gain and 0.75 degree dif- 
ferential phase. See Figure 12. 

Improving Video Performance 

Differential gain and phase performance can be improved 
by keeping the active video portion of the signal above 
300 mV. The sync signal can go below 300 mV without af- 
fecting the video quality. If it is possible to AC couple the 
signal and shift the output voltage slightly higher, much bet- 
ter video performance is possible. For a + 5V single supply, 
an output range between 2.0V and 3.0V can have a differen- 
tial gain of 0.07% and differential phase of 0.3 degree when 
driving a 1 50ft load. For a + 3V single supply, the output 
should be between 1 .0V and 2.0V. 

Cable Driving with + 5V Supplies 

The LM7131 can easily drive a back-terminated 75ft video 
cable (150ft load) when powered by a +5V supply. See 
Figures 2 , 3 and 4. This makes it a good choice for video 
output for portable equipment, personal digital devices, and 
desktop video applications. 

The LM7131 can also supply + 2.00V to a 50ft load to 
ground, making it useful as driver in 50ft systems such as 
portable test equipment. 

Cable Driving with + 3V Supplies 

The LM7131 can drive 150ft to 2.00V when supplied by a 
3 V supply. This 3 V performance means that the LM7131 is 
useful in battery powered video applications, such as cam- 
corders, portable video mixers, still video cameras, and por- 
table scanners. 
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Audio and High Frequency Signal Processing 

The LM7131 is useful for high fidelity audio and signal pro- 
cessing. A typical LM7131 is capable of driving 2V across 
150ft (referenced to ground) at less than 0.1 % distortion at 
4 MHz when powered by a single 5V supply. 

Use with 2.5V Virtual Ground Systems 
with + 5V Single Supply Power 

Many analog systems which must work on a single +5V 
supply use a ‘virtual ground’ - a reference voltage for the 
signal processing which is usually between +5V and 0V. 
This virtual ground is usually halfway between the top and 
bottom supply rails. This is usually + 2.5 V for + 5V systems 
and + 1 .5V for + 3V systems. 

The LM7131 can be used in single supply/virtual ground 
systems driving loads referenced to 2.5V. The output swing 
specifications in the data sheet show the tested voltage lim- 
its for driving a 150ft load to a virtual ground supply for 
+ 3V and + 5V. A look at the output swing specifications 
shows that for heavy loads like 150 ohms, the output will 
swing as close as one diode drop (roughly, 0.7V) to the 
supply rail. This leaves a relatively wide range for + 5 V sys- 
tems and a somewhat narrow range for + 3V systems. One 
way to increase this output range is to have the output load 
referenced to ground — this will allow the output to swing 
lower. Another is to use higher load impedances. The output 
swing specifications show typical numbers for swing with 
loads of 600ft to ground. Note that these typical numbers 
are similar to those for a 1 50ft load. These typical numbers 
are an indication of the maximum DC performance of the 
LM7131. 

The sinking output of the LM7131 is somewhat lower than 
the amplifier’s sourcing capability. This means that the 
LM7131 will not drive as much current into a load tied to 2.5 
V as it will drive into a load tied to 0V. 


Good AC performance will require keeping the output fur- 
ther away from the supply rails. For a + 5V supply and rela- 
tively high impedance load (analog-to-digital converter in- 
put) the following are suggested as an initial starting range 
for achieving high (> 60 dB) AC accuracy 
Upper output level — 

Approximately 0.8V to IV below the positive (V + ) rail. 
Lower output level— 

Approximately 200 mV-300 mV above the negative rail. 
The LM7131 very useful in virtual ground systems as an 
output device for output loads which are referenced to 0V or 
the lower rail. It is also useful as a driver for capacitive 
loads, such as sample and hold circuits, and audio analog to 
digital converters. If fast amplifiers with rail-to-rail output 
ranges are needed, please see the National Semiconductor 
LM6142 datasheet. 

D/A Output Amplifier 

The LM7131 can be used as an output amplifier for fast 
digital-to-analog converters. When using the LM7131 with 
converters with an output voltage range which may exceed 
the differential input voltage limit of ± 2V, it may be neces- 
sary to add protection diodes to the inputs. See Figure 16. 
For high speed applications, it may be useful to consider low 
capacitance schottky diodes. Additional feedback capaci- 
tance may be needed to control ringing due to the additional 
input capacitance from the D/A and protection diodes. 
When used with current output D/As, the input bias currents 
may produce a DC offset in the output. This offset may be 
canceled by a resistor between the positive input and 
ground. 

Spice Macromodel 

A SPICE macromodel of the LM7131 and many other Na- 
tional Semiconductor op amps is available at no charge 
from your National Semiconductor representative. 
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SOT-23-5 Tape and Reel Specification 

TAPE FORMAT 


Tape Section 

#Cavaties 

Cavity Status 

Cover Tape Status 

Leader 
(Start End) 

0 (min) 

Empty 

Sealed 

75 (min) 

Empty 

Sealed 

Carrier 

3000 

Filled 

Sealed 

250 

Filled 

Sealed 

Trailer 
(Hub End) 

125 (min) 

Empty 

Sealed 

0 (min) 

Empty 

Sealed 


TAPE DIMENSIONS 





TL/H/1 231 3-25 


8 mm 

0.130 

(3.3) 

0.124 

(3.15) 

0.130 

(3.3) 

0.126 

(3.2) 

0.138 ±0.002 
(3.5 ±0.05) 

0.055 ±0.004 
(1.4 ±0.11) 

0.157 

(4) 

0.315 ±0.012 
(8 ±0.3) 

Tape Size 

DIMA 

DIMAo 

DIMB 

DIM Bo 

DIM F 

DIM Ko 

DIM PI 

DIM W 
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ADVANCE INFORMATION 


LM7171 Very High Speed High Output Current 
Voltage Feedback Amplifier 


General Description 

The LM7171 is a voltage feedback amplifier optimally de- 
signed for Ay > 1 operation. It provides a very high slew 
rate at 4100V/ ju,s and a wide gain-bandwidth product band- 
width of 200 MHz while consuming only 6.5 mA of supply 
current. It is ideal for video and high speed signal process- 
ing applications such as ultrasound and pulse amplifiers. 
With 100 mA output current, the LM7171 can be used for 
video distribution, transformer driver and laser diode driver. 
The ± 1 5 V power supplies allow for large signal swings and 
give greater dynamic range and signal-to-noise ratio. The 
LM7171 offers low SFDR and THD, ideal for ADC/DAC sys- 
tems. In addition, the LM7171 is specified for ±5V opera- 
tion for portable applications. 

The LM7171 is built on Nationals advanced VIPtm m (Verti- 
cally integrated PNP) complementary bipolar process. 


Features (Typical Unless Otherwise Noted) 
■ Easy-To-Use Voltage Feedback Topology 


■ Very High Slew Rate 4100V/ju,s 

■ Wide Gain-Bandwidth Product 200 MHz 

■ -3 dB Frequency @ Ay = +2 220 MHz 

■ Low Supply Current 6.5 mA 

■ High Open Loop Gain 85 dB 

■ High Output Current 100 mA 

■ Differential Gain and Phase 0.01%, 0.02° 


■ Specified for ± 1 5V and ± 5V Operation 

Applications 

■ HDSL and ADSL Drivers 

■ Multimedia Broadcast Systems 

■ Professional Video Cameras 

■ Video Amplifiers 

■ Copiers/Scanners/Fax 

■ HDTV Amplifiers 

■ Pulse Amplifiers and Peak Detectors 

■ CATV/ Fiber Optics Signal Processing 


Typical Performance 

Large Signal Pulse Response 



TIME (20 ns/div) 

TL/H/12351-7 


Connection Diagrams 


8-Pin DIP/SO 



16-Pin Wide Body SO 



Ordering Information 


Package 

Temperature Range 

Transport 

Media 

NSC 

Drawing 

Industrial 
— 40°C to +85°C 

Military 

— 55°C to + 125°C 

8-Pin DIP 

LM7171AIN, LM7171BIN 


Rails 

N08E 

8-Pin CDIP 


5962-9553601 QPA* 

Rails 

J08A 

8-Pin 

Small Outline 

LM7171AIM, LM7171BIM 


Rails 

M08A 

LM7171AIMX, LM7171BIMX 


Tape and Reel 

16-Pin 

Small Outline 

LM7171AIWM, LM7171BIWM 


Rails 

M16B 

LM7171AWMX, LM7171BWMX 


Tape and Reel 


*For the military temperature grade, please refer to the Military Datasheet: MNLM7171AMJ/883 
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LM 13600 Dual Operational Transconductance 
Amplifiers with Linearizing Diodes and Buffers 


General Description 

The LM 13600 series consists of two current controlled 
transconductance amplifiers each with differential inputs 
and a push-pull output. The two amplifiers share common 
supplies but otherwise operate independently. Linearizing 
diodes are provided at the inputs to reduce distortion and 
allow higher input levels. The result is a 10 dB signal-to- 
noise improvement referenced to 0.5 percent THD. Con- 
trolled impedance buffers which are especially designed to 
complement the dynamic range of the amplifiers are provid- 
ed. 

Features 

■ g m adjustable over 6 decades 

■ Excellent g m linearity 


■ Excellent matching between amplifiers 

■ Linearizing diodes 

■ Controlled impedance buffers 

■ High output signal-to-noise ratio 

Applications 

■ Current-controlled amplifiers 

■ Current-controlled impedances 

■ Current-controlled filters 

■ Current-controlled oscillators 

■ Multiplexers 

■ Timers 

■ Sample and hold circuits 


Connection Diagram 


Dual-ln-Line and Small Outline Packages 


BUFFER BUFFER 
INPUT OUTPUT 



AMP DIODE 

BIAS BIAS 

INPUT 


Top View 


Order Number LM13600M, LM13600N or LM 13600 AN 
See NS Package Number M16A or N16A 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage (Note 1 ) 

LM 13600 36 V DC or ±18V 

LM13600A 44 V DC or ± 22V 

Power Dissipation (Note 2) Ta = 25°C 570 mW 

Differential Input Voltage ± 5V 

Diode Bias Current (Ip) 2 mA 

Amplifier Bias Current (Iabc) 2 mA 

Output Short Circuit Duration Continuous 

Buffer Output Current (Note 3) 20 mA 

Electrical Characteristics (Note 4) 


Operating T emperature Range 0°C to + 70°C 

DC 1 nput Voltage + Vs to - Vs 

Storage T emperature Range - 65°C to + 1 50°C 

Soldering Information 
Dual-In-Line Package 

Soldering (10 seconds) 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 215°C 

Infrared (1 5 seconds) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


Parameter 

Conditions 

LM 13600 

LM 13600 A 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Input Offset Voltage (Vos) 



0.4 

4 


0.4 


mV 


Over Specified Temperature Range 






2 

mV 


Iabc = 5 /xA 


0.3 

4 


0.3 

1 

mV 

Vos Including Diodes 

Diode Bias Current (Ip) = 500 juA 


0.5 

5 


0.5 

2 

mV 

Input Offset Change 

5 jxA ^ Iabc ^ 500 jaA 


0.1 

3 


0.1 

1 


Input Offset Current 



0.1 

0.6 


0.1 


jaA 

Input Bias Current 



0.4 

5 






Over Specified Temperature Range 


1 

8 





Forward 

Transconductance (g m ) 


6700 



7700 

9600 

12000 

jamho 


Over Specified Temperature Range 

5400 



4000 



jamho 

g m Tracking 






0.3 


dB 

Peak Output Current 

Rl = o. Iabc = 5 jaA 


5 


3 

5 

7 



Rl = o, Iabc = 500 jaA 

350 

500 


350 

500 

650 



Rl = 0, Over Specified Temp Range 

300 




300 




Peak Output Voltage 



Mi 

■ 





Positive 

Rj_ = , 5 juA <; Iabc ^ 500 j^a 

+ 12 

Sgpjl 

1 




V 

Negative 

R|_ = oo,5jaA<; Iabc ^ 500 juA 

-12 

m 



Mill 


V 

Supply Current 

•abc = 500 fA Both Channels 





2.6 


mA 

Vos Sensitivity 




M 



Mi 


Positive 

av os /av+ 


20 

MW 




jaV/V 

Negative 

A V 0S /AV- 

BH 

20 


mm 



jaV/V 

CMRR 





80 

110 


dB 

Common Mode Range 


±12 

±13.5 


±12 

±13.5 


V 

Crosstalk 

Referred to Input (Note 5) 

20 Hz < f < 20 kHz 


100 



100 


dB 

Differential Input Current 

•abc = Input = ±4V 


0.02 

100 


0.02 


nA 

Leakage Current 

Iabc = 0 (Refer to Test Circuit) 


0.2 

100 


0.2 

5 

nA 
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Buffer Input Current 


(Note 5), Except Iabc = 0 ju-A 


Peak Buffer Output Voltage | (Note 5 ) | 10 | | | 10 | | | V 

Note 1: For selections to a supply voltage above ±2 2 V, contact factory. 

Note 2: For operating at high temperatures, the device must be derated based on a 150°C maximum junction temperature and a thermal resistance of 175 6 C/W 
which applies for the device soldered in a printed circuit board, operating in still air. 

Note 3: Buffer output current should be limited so as to not exceed package dissipation. 

Note 4: These specifications apply for Vs = ± 15V, Ta = 25°C, amplifier bias current (Iabc) = 500 P-A, pins 2 and 15 open unless otherwise specified. The inputs 
to the buffers are grounded and outputs are open. 

Note 5: These specifications apply for Vs = ±15V, Iabc = 500 jaA, Rout = 5 kfl connected from the buffer output to -Vs and the input of the buffer is 
connected to the transconductance amplifier output. 


Schematic Diagram 


DIODE BIAS 
2,15 


One Operational Transconductance Amplifier 


— 

r 

3 r D6 


Q p — " 

QlH- 

" BUFFER 



1 

INPUT 



1 

i J 7,10 J 


" U” 

♦ 

— Tqii o— fi 

ai2 w 


BUFFER 
OUTPUT 8.9 
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Typical Performance Characteristics 


Input Offset Voltage 
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Typical Performance Characteristics (Continued) 


Distortion vs Differential 



Voltage vs Amplifier Bias Current 




DIFFERENTIAL INPUT VOLTAGE (mVpp) , ABC AMPLIFIER BIAS CURRENT ( M A) 


An* IpA IOjuA 100/iA 1000/iA 10 100 IK 10K 100K 


FREQUENCY (Hz) 


TL/H/7980-4 


Unity Gain Follower 



Leakage Current Test Circuit 


Differential Input Current Test Circuit 
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Circuit Description 

The differential transistor pair Q4 and Q5 form a transcon- 
ductance stage in that the ratio of their collector currents is 
defined by the differential input voltage according to the 
transfer function: 

V, N = ^ |n {§ (1) 

q l 4 

where V|n is the differential input voltage, kT/q is approxi- 
mately 26 mV at 25 °C and I5 and I4 are the collector cur- 
rents of transistors Q5 and Q4 respectively. With the excep- 
tion of Q3 and Q-13, all transistors and diodes are identical in 
size. Transistors Qi and Q2 with Diode D-j form a current 
mirror which forces the sum of currents I4 and I5 to equal 
<abc; 


where Iabc is the amplifier bias current applied to the gain 
pin. 

For small differential input voltages the ratio of I4 and I5 
approaches unity and the Taylor series of the In function 
can be approximated as: 

KEJS^iLLU (3) 


other. The remaining transistors and diodes form three cur- 
rent mirrors that produce an output current equal to I5 minus 
I4 thus: 


The term in brackets is then the transconductance of the 
amplifier and is proportional to Iabc- 

Linearizing Diodes 

For differential voltages greater than a few millivolts, Equa- 
tion 3 becomes less valid and the transconductance be- 
comes increasingly nonlinear. Figure 1 demonstrates how 
the internal diodes can linearize the transfer function of the 
amplifier. For convenience assume the diodes are biased 
with current sources and the input signal is in the form of 
current 1 $. Since the sum of I4 and I5 is Iabc and the differ- 
ence is Iout. currents I4 and I5 can be written as follows: 

I _ ^ABC IpUT ■ _ [ ABC ■ !qUT 

4 2 2 ’ 5 2 2 

Since the diodes and the input transistors have identical 
geometries and are subject to similar voltages and tempera- 
tures, the following is true: 


= l 5 - l 4 


Collector currents I4 and I5 are not very useful by them- 
selves and it is necessary to subtract one current from the 


]d + . |abc , lout 

kT, 2 S kT, 2 2 

— In; = — In; ; 

q ]d _ . q |abc _ lout 
2 s 2 2 

forllsK^ 



FIGURE 1. Linearizing Diodes 
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Linearizing Diodes (Continued) 

Notice that in deriving Equation 6 no approximations have 
been made and there are no temperature-dependent terms. 
The limitations are that the signal current not exceed Ip/ 2 
and that the diodes be biased with currents. In practice, 
replacing the current sources with resistors will generate 
insignificant errors. 

Controlled Impedance Buffers 

The upper limit of transconductance is defined by the maxi- 
mum value of Iabc (2 mA). The lowest value of Iabc for 
which the amplifier will function therefore determines the 
overall dynamic range. At very low values of Iabc. a buffer 
which has very low input bias current is desirable. An FET 
follower satisfies the low input current requirement, but is 
somewhat non-linear for large voltage swing. The controlled 
impedance buffer is a Darlington which modifies its input 
bias current to suit the need. For low values of Iabc. the 
buffer’s input current is minimal. At higher levels of Iabc. 
transistor Q3 biases up Q12 with a current proportional to 
Iabc for fast slew rate. When Iabc is changed, the DC level 
of the Darlington output buffer will shift. In audio applica- 
tions where Iabc is changed suddenly, this shift may pro- 
duce an audible “pop”. For these applications the LM1 3700 
may produce superior results. 


Applications — Voltage Controlled 
Amplifiers 

Figure 2 shows how the linearizing diodes can be used in a 
voltage-controlled amplifier. To understand the input bias- 
ing, it is best to consider the 13 kn resistor as a current 
source and use a Thevenin equivalent circuit as shown in 
Figure 3. This circuit is similar to Figure 1 and operates the 
same. The potentiometer in Figure 2 is adjusted to minimize 
the effects of the control signal at the output. 

For optimum signal-to-noise performance, Iabc should be 
as large as possible as shown by the Output Voltage vs. 
Amplifier Bias Current graph. Larger amplitudes of input sig- 
nal also improve the S/N ratio. The linearizing diodes help 
here by allowing larger input signals for the same output 
distortion as shown by the Distortion vs. Differential Input 
Voltage graph. S/N may be optimized by adjusting the mag- 
nitude of the input signal via Rin (Figure 2) until the output 
distortion is below some desired level. The output voltage 
swing can then be set at any level by selecting Rl. 
Although the noise contribution of the linearizing diodes is 
negligible relative to the contribution of the amplifier’s inter- 
nal transistors, Iq should be as large as possible. This mini- 
mizes the dynamic junction resistance of the diodes (r e ) and 
maximizes their linearizing action when balanced against 
Rin- A value of 1 mA is recommended for Ip unless the 
specific application demands otherwise. 

30 K 



GAIN 

CONTROL 


> OUTPUT 



-OlQUT 


8 IS ^?lABC^ 


TL/H/7980-10 
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Stereo Volume Control 

The circuit of Figure 4 uses the excellent matching of the 
two LM 13600 amplifiers to provide a Stereo Volume Control 
with a typical channel-to-channel gain tracking of 0.3 dB. Rp 
is provided to minimize the output offset voltage and may be 
replaced with two 510ft resistors in AC-coupled applica- 
tions. For the component values given, amplifier gain is de- 
rived for Figure 2 as being: 


If Vc is derived from a second signal source then the circuit 
becomes an amplitude modulator or two-quadrant multiplier 
as shown in Figure 5, where: 


■ Oabc) = 


~2ls V|N2 


2I S (V- + 1.4V) 
Id Rc 


940 X I ABC 


<RL OV| 

lABCt ± K >5.1K 


■ABC 1 1 +15 V 


— >1K 1 — W\ 


\'A LM13600 


FIGURE 4. Stereo Volume Control 


Vin 2 

MODULATION 



v INlO VV 

CARRIER 10 K 


FIGURE 5. Amplitude Modulator 
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Stereo Volume Control (Continued) 

The constant term in the above equation may be cancelled 
by feeding Is X lpRp/2 (V - + 1.4V) into lo- The circuit of 
Figure 6 adds Rm to provide this current, resulting in a four- 
quadrant multiplier where Rc is trimmed such that Vq = OV 
for V|N 2 = OV. Rm also serves as the load resistor for Iq. 
Noting that the gain of the LM13600 amplifier of Figure 3 
may be controlled by varying the linearizing diode current Ip 
as well as by varying Iabc» Figure 7 shows an AGC Amplifier 
using this approach. As Vq reaches a high enough ampli- 
tude (3 Vbe) to turn on the Darlington transistors and the 
linearizing diodes, the increase in Ip reduces the amplifier 
gain so as to hold Vo at that level. 

Voltage Controlled Resistors 

An Operational Transconductance Amplifier (OTA) may be 
used to implement a Voltage Controlled Resistor as shown 


in Figure 8. A signal voltage applied at Rx generates a Vin 
to the LM 13600 which is then multiplied by the g m of the 
amplifier to produce an output current, thus: 


R x = 


R + Ra 
9m Ra 


where g m ~ 19.2 Iabc at 25°C. Note that the attenuation of 
Vq by R and Ra is necessary to maintain Vin within the 
linear range of the LM13600 input. 

Figure 9 shows a similar VCR where the linearizing diodes 
are added, essentially improving the noise performance of 
the resistor. A floating VCR is shown in Figure 10, where 
each “end” of the “resistor” may be at any voltage within 
the output voltage range of the LM 13600. 





” TL/H/7980-15 

FIGURE 8. Voltage Controlled Resistor, Single-Ended 
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Voltage Controlled Filters 

OTA’s are extremely useful for implementing voltage con- 
trolled filters, with the LM 13600 having the advantage that 
the required buffers are included on the I.C. The VC Lo-Pass 
Filter of Figure 1 1 performs as a unity-gain buffer amplifier 
at frequencies below cut-off, with the cut-off frequency be- 
ing the point at which Xc/g m equals the closed-loop gain of 
(R/Ra). At frequencies above cut-off the circuit provides a 
single RC roll-off (6 dB per octave) of the input signal ampli- 
tude with a -3 dB point defined by the given equation, 


where g m is again 1 9.2 x Iabc at room temperature^ Figure 
12 shows a VC High-Pass Filter which operates in much the 
same manner, providing a single RC roll-off below the de- 
fined cut-off frequency. 

Additional amplifiers may be used to implement higher order 
filters as demonstrated by the two-pole Butterworth Lo-Pass 
Filter of Figure 13 and the state variable filter of Figure 14. 
Due to the excellent g m tracking of the two amplifiers and 
the varied bias of the buffer Darlingtons, these filters per- 
form well over several decades of frequency. 



TL/H/7980-16 


FIGURE 9. Voltage Controlled Resistor with Linearizing Diodes 


100 K 100 K 



FIGURE 10. Floating Voltage Controlled Resistor 

30 K 



FIGURE 11. Voltage Controlled Low-Pass Filter 


TL/H/7980-17 


TL/H/7980-18 
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Voltage Controlled Oscillators 

The classic Triangular/Square Wave VCO of Figure 15 is 
one of a variety of Voltage Controlled Oscillators which may 
be built utilizing the LM13600. With the component values 
shown, this oscillator provides signals from 200 kHz to be- 
low 2 Hz as lc is varied from 1 mA to 10 nA. The output 
amplitudes are set by Ia X Ra- Note that the peak differen- 
tial input voltage must be less than 5 V to prevent zenering 
the inputs. 

A few modifications to this circuit produce the ramp/pulse 
VCO of Figure 16. When Vq 2 is high, Ip is added to Iq to 


increase amplifier A1 ’s bias current and thus to increase the 
charging rate of capacitor C. When V 02 is low, Ip goes to 
zero and the capacitor discharge current is set by Iq. 

The VC Lo-Pass Filter of Figure 1 1 may be used to produce 
a high-quality sinusoidal VCO. The circuit of Figure 16 em- 
ploys two LM 13600 packages, with three of the amplifiers 
configured as lo-pass filters and the fourth as a limiter/in- 
verter. The circuit oscillates at the frequency at which the 
loop phase-shift is 360° or 1 80° for the inverter and 60° per 
filter stage. This VCO operates from 5 Hz to 50 kHz with 
less than 1 % THD. 



ic «f 
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Voltage Controlled Oscillators (Continued) 


30 K 



FIGURE 17. Sinusoidal VCO 


TL/H/7980-24 


10 K 



Figure 18 shows how to build a VCO using one amplifier 
when the other amplifier is needed for another function. 


Additional Applications 

Figure 19 presents an interesting one-shot which draws no 
power supply current until it is triggered. A positive-going 
trigger pulse of at least 2V amplitude turns on the amplifier 
through Rb and pulls the non-inverting input high. The am- 
plifier regenerates and latches its output high until capacitor 
C charges to the voltage level on the non-inverting input. 
The output then switches low, turning off the amplifier and 
discharging the capacitor. The capacitor discharge rate is 
increased by shorting the diode bias pin to the inverting in- 
put so than an additional discharge current flows through D| 
when the amplifier output switches low. A special feature of 
this timer is that the other amplifier, when biased from Vq, 
can perform another function and draw zero stand-by power 
as well. 


The operation of the multiplexer of Figure 20 is very straight- 
forward. When A1 is turned on it holds Vo equal to Vini and 
when A2 is supplied with bias current then it controls Vq. Cq 
and Rc serve to stabilize the unity-gain configuration of am- 
plifiers A1 and A2. The maximum clock rate is limited to 
about 200 kHz by the LM13600 slew rate into 150 pF when 
the (V|ni-V|N 2) differential is at its maximum allowable value 
of 5V. 

The Phase-Locked Loop of Figure 21 uses the four-quad- 
rant multiplier of Figure 6 and the VCO of Figure 18 to pro- 
duce a PLL with a ±5% hold-in range and an input sensitivi- 
ty of about 300 mV. 


_r 
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Additional Applications (Continued) 



FIGURE 20. Multiplexer 



f c = 1 kHz 
± 5 % 
HOLD IN 
RANGE 


FIGURE 21. Phase Lock Loop 


The Schmitt Trigger of Figure 22 uses the amplifier output 
current into R to set the hysteresis of the comparator; thus 
Vh = 2 X R X Ib- Varying Iq will produce a Schmitt Trigger 
with variable hysteresis. 

Figure 23 shows a Tachometer or Frequency-to-Voltage 
converter. Whenever A1 is toggled by a positive-going input, 
an amount of charge equal to (Vh~V|J C t is sourced into Cf 
and Rt- This once-per-cycle charge is then balanced by the 
current of Vo/Rt- The maximum f|N is limited by the amount 
of time required to charge Ct from Vj_ to Vh with a current of 
Ib, where V|_ and Vh represent the maximum low and maxi- 


mum high output voltage swing of the LM13600. Dl is add- 
ed to provide a discharge path for C t when A1 switches low. 
The Peak Detector of Figure 24 uses A2 to turn on A1 
whenever Vin becomes more positive than Vq. A1 then 
charges storage capacitor C to hold Vo equal to VinPK. 
One precaution to observe when using this circuit: the Dar- 
lington transistor used must be on the same side of the 
package as A2 since the A1 Darlington will be turned oh and 
off with A1 . Pulling the output of A2 low through Dl serves 
to turn off A1 so that Vq remains constant. 
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Additional Applications (Continued) 

The Sample-Hold circuit of Figure 25 also requires that the 
Darlington buffer used be from the other (A2) half of the 
package and that the corresponding amplifier be biased on 
continuously. The Ramp-and-Hold of Figure 26 sources Ib 
into capacitor C whenever the input to A1 is brought high, 
giving a ramp-rate of about 1 V/ms for the component val- 
ues shown. 

The true-RMS converter of Figure 27 is essentially an auto- 
matic gain control amplifier which adjusts its gain such that 
the AC power at the output of amplifier A1 is constant. The 
output power of amplifier A1 is monitored by squaring ampli- 
fier A2 and the average compared to a reference voltage 
with amplifier A3. The output of A3 provides bias current to 
the diodes of A1 to attenuate the input signal. Because the 
output power of A1 is held constant, the RMS value is con- 
stant and the attentuation is directly proportional to the 
RMS value of the input voltage. The attenuation is also pro- 
portional to the diode bias current. Amplifier A4 adjusts the 
ratio of currents through the diodes to be equal and there- 
fore the voltage at the output of A4 is proportional to the 
RMS value of the input voltage. The calibration potentiome- 
ter is set such that Vq reads directly in RMS volts. 




TL/H/7980-33 


TL/H/7980-34 
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Additional Applications (Continued) 

The circuit of Figure 28 is a voltage reference of variable 
temperature coefficient. The 100 kft potentiometer adjusts 
the output voltage which has a positive TC above 1 .2V, zero 
TC at about 1.2V and negative TC below 1.2V. This is ac- 
complished by balancing the TC of the A2 transfer function 
against the complementary TC of D1 . 

The log amplifier of Figure 29 responds to the ratio of cur- 
rents through buffer transistors Q3 and Q4. Zero tempera- 
ture dependence for Vqut is ensured because the TC of the 
A2 transfer function is equal and opposite to the TC of the 
logging transistors Q3 and Q4. 

The wide dynamic range of the LM13600 allows easy con- 
trol of the output pulse width in the Pulse Width Modulator 
of Figure 30. 

For generating Iabc over a range of 4 to 6 decades of cur- 
rent, the system of Figure 31 provides a logarithmic current 
out for a linear voltage in. 

Since the closed-loop configuration ensures that the input 
to A2 is held equal to 0 V, the output current of A1 is equal to 
l 3 = — V C /R C - 

The differential voltage between Q1 and Q2 is attenuated 
by the R1, R2 network so that A1 may be assumed to be 


operating within its linear range. From equation (5), the input 
voltage to A1 is: 

,, „ -2kTI 3 2kTV c 

The voltage on the base of Q1 is then 

„ < (Ri + R 2 )V| N 1 

V B 1= - 

The ratio of the Q1 and Q2 collector currents is defined by: 
v Bl =l£Ei n !c2^, n !Aic 

q >ci q h 

Combining and solving for Iabc yields: 


i A bc = ii exp 


2(Ri + R2) Vc 


This logarithmic current can be used to bias the circuit of 
Figure 4 provide a temperature independent stereo attenua- 
tion characteristic. 


FIGURE 28. Delta VBE Reference 


r<*»: 


120 k < b 6 


v (2 Vs - 1.2V) (R4) (Re) ■ VinR 2 
0UT (R3+R4MR5) VrefRi 


FIGURE 29. Log Amplifier 
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FIGURE 31. Logarithmic Current Source 
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LM 1 3700/LM 1 3700A 

Dual Operational Transconductance Amplifiers 
with Linearizing Diodes and Buffers 


General Description 

The LM13700 series consists of two current controlled 
transconductance amplifiers, each with differential inputs 
and a push-pull output. The two amplifiers share common 
supplies but otherwise operate independently. Linearizing 
diodes are provided at the inputs to reduce distortion and 
allow higher input levels. The result is a 10 dB signal-to- 
noise improvement referenced to 0.5 percent THD. High im- 
pedance buffers are provided which are especially designed 
to complement the dynamic range of the amplifiers. The 
output buffers of the LM 13700 differ from those of the 
LM13600 in that their input bias currents (and hence their 
output DC levels) are independent of Iabc- This may result 
in performance superior to that of the LM 13600 in audio 
applications. 


Features 

■ g m adjustable over 6 decades 

■ Excellent g m linearity 

■ Excellent matching between amplifiers 

■ Linearizing diodes 

■ High impedance buffers 

■ High output signal-to-noise ratio 

Applications 

■ Current-controlled amplifiers 

■ Current-controlled impedances 

■ Current-controlled filters 

■ Current-controlled oscillators 

■ Multiplexers 

■ Timers 

■ Sample-and-hold circuits 


Connection Diagram 


Dual In-Line and Small Outline Packages 


AMP 

BIAS DIODE INPUT INPUT BUFFER BUFFER 

INPUT BIAS (+) <-) OUTPUT V + INPUT OUTPUT 



Top View 

Order Number LM13700M, LM13700N or LM13700AN 
See NS Package Number M16A or N16A 


TL/H/7981-2 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (Note 1) 
LM13700 
LM13700A 

Power Dissipation (Note 2) f a 
LM 13700N, LM13700AN 
Differential Input Voltage 
Diode Bias Current (Iq) 
Amplifier Bias Current (Iabc) 
Output Short Circuit Duration 
Buffer Output Current (Note 3) 


36 V DC or ± 18V 
44 V DC or ±2 2V 

25°C 

570 mW 
±5V 
2 mA 
2 mA 
Continuous 
20 mA 


Operating Temperature Range 
LM13700N, LM13700AN 0°Cto + 70°C 

DC Input Voltage + Vs to - Vs 

Storage T emperature Range - 65°C to + 1 50°C 

Soldering Information 
Dual-In-Line Package 

Soldering (1 0 sec.) 260°C 

Small Outline Package 

Vapor Phase (60 sec.) 215°C 

Infrared (1 5 sec.) 22 0°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


Electrical Characteristics (Note 4) 


Parameter 

Conditions 

LM 13700 

LM13700A 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage (Vos) 



0.4 

4 


0.4 

1 



Over Specified Temperature Range 






2 

mV 


•abc = 5 ^a 


0.3 

4 


'0.3 

1 


Vos Including Diodes 

Diode Bias Current (Id) = 500 juA 


0.5 

5 



2 


Input Offset Change 

5 juA ^ Iabc ^ 500 fxA 


0.1 

3 


0.1 

1 


Input Offset Current 



0.1 





julA 

Input Bias Current 

Over Specified Temperature Range 


0.4 

5 



5 

jxA 




1 

8 


1 

7 

Forward 








jamho 

Transconductance (g m ) 

Over Specified Temperature Range 

5400 






g m Tracking 



0.3 



0.3 


dB 

Peak Output Current 

Rl = o, Iabc = 5 /*a 


5 


3 

5 

7 



Rl — o, Iabc = soo jj,a 

350 

500 

650 


500 

650 

fiA 


Rl = 0, Over Specified Temp Range 

300 







Peak Output Voltage 









Positive 

Ri_ = 5 juA <: Iabc ^ 500 juA 

+ 12 

+ 14.2 

| | 


+ 14.2 


V 

Negative 

R|_ = , 5 juA ^ Iabc ^ 500 jxA 

-12 

-14.4 

| | 


-14.4 


V 

Supply Current 

•abc = 500 jutA, Both Channels 


2.6 



2.6 


mA 

Vos Sensitivity 


■ 


mm 

|| 


■I 


Positive 

AV 0S MV + 


20 

, 


20 

■ 


Negative 

AV 0S /AV“ 

| 

20 

| 

m 

20 

| 


CMRR 


80 

110 


80 

110 


dB 

Common Mode Range 


+ 12 

±13.5 


±12 

±13.5 



Crosstalk 

Referred to Input (Note 5) 

20 Hz < f < 20 kHz 

■ 



■ 




Differential Input Current 

•abc = 0, Input = ±4V 


0.02 

100 



10 

nA 

Leakage Current 

Iabc = 0 (Refer to Test Circuit) 


0.2 

100 



5 


Input Resistance 

i 


26 


10 

|Fpj 


kft 
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Electrical Characteristics (Note 4) (continued) 


Parameter 

Conditions 

LM 13700 

LM13700A 

Units 

Min 




Typ 

Max 

Open Loop Bandwidth 



2 



2 


MHz 

Slew Rate 

Unity Gain Compensated 


lESI 



50 


V/jutS 

Buffer Input Current 

(Note 5) 



2 


0.5 

2 

juA 

Peak Buffer Output Voltage 

(Note 5) 

10 



10 



V 


Note 1: For selections to a supply voltage above ±22 V, contact factory. 

Note 2: For operation at ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a thermal 
resistance, junction to ambient, as follows: LM13700N, 90°C/W; LM13700M, 110°C/W. 

Note 3: Buffer output current should be limited so as to not exceed package dissipation. 

Note 4: These specifications apply for Vs = ± 1 5V, T A = 25°C, amplifier bias current (Iabc) = 500 pA pins 2 and 1 5 open unless otherwise specified. The inputs 
to the buffers are grounded and outputs are open. 

Note 5: These specifications apply for Vs = ±15V, Iabc ~ 500 /aA, Rout = 5 kft connected from the buffer output to -Vs and the input of the buffer is 
connected to the transconductance amplifier output. 

Schematic Diagram 


One Operational Transconductance Amplifier 
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Typical Performance Characteristics 
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Circuit Description 

The differential transistor pair Q 4 and Q5 form a transcon- 
ductance stage in that the ratio of their collector currents is 
defined by the differential input voltage according to the 
transfer function: 

V| N = ^ I" I 5 (1) 

q l 4 

where Vin is the differential input voltage, kT/q Is approxi- 
mately 26 mV at 25 °C and I5 and l 4 are the collector cur- 
rents of transistors Q5 and Q4 respectively. With the excep- 
tion of Q3 and Q-13, all transistors and diodes are identical in 
size. Transistors Q 1 and Q 2 with Diode D-) form a current 
mirror which forces the sum of currents I4 and I5 to equal 
Iabc; 

14 + 15 = Iabc ( 2 ) 

where Iabc is the amplifier bias current applied to the gain 
pin. 

For small differential input voltages the ratio of I4 and I5 
approaches unity and the Taylor series of the In function 
can be approximated as: 


kT l 5 _ kT l 5 - l 4 

— In — ~ ; — 

q l 4 q l 4 


( 3 ) 


U~ 



Vin 



= l 5 - l 4 


( 4 ) 


Collector currents I4 and I5 are not very useful by them- 
selves and it is necessary to subtract one current from the 
other. The remaining transistors and diodes form three cur- 
rent mirrors that produce an output current equal to I5 minus 
I4 thus: 



The term in brackets is then the transconductance of the 
amplifier and is proportional to Iabc- 


Linearizing Diodes 

For differential voltages greater than a few millivolts, Equa- 
tion 3 becomes less valid and the transconductance be- 
comes increasingly nonlinear. Figure 1 demonstrates how 
the internal diodes can linearize the transfer function of the 
amplifier. For convenience assume the diodes are biased 
with current sources and the input signal is in the form of 
current Is- Since the sum of I4 and I5 is Iabc and the differ- 
ence is Iqut. currents I4 and I5 can be written as follows: 

, _ Iabc Iqut . _ Iabc , Iqut 
14=—-—. '5-— +— 


Since the diodes and the input transistors have identical 
geometries and are subject to similar voltages and tempera- 
tures, the following is true: 




Iabc f Iqut 
kT [n 2 2 

Q Iabc _ Iqut 
2 2 


Iout = Is ( 2 "f^) for l ! sl < ^ ( 6 ) 

Notice that in deriving Equation 6 no approximations have 
been made and there are no temperature-dependent terms. 
The limitations are that the signal current not exceed lp /2 
and that the diodes be biased with currents. In practice, 
replacing the current sources with resistors will generate 
insignificant errors. 


Applications: 

Voltage Controlled Amplifiers 

Figure 2 shows how the linearizing diodes can be used in a 
voltage-controlled amplifier. To understand the input bias- 
ing, it is best to consider the 13 kft resistor as a current 
source and use a Thevenin equivalent circuit as shown in 
Figure 3 . This circuit is similar to Figure 1 and operates the 
same. The potentiometer in Figure 2 is adjusted to minimize 
the effects of the control signal at the output. 
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Applications: 

Voltage Controlled Amplifiers (Continued) 

For optimum signal-to-noise performance, Iabc should be 
as large as possible as shown by the Output Voltage vs. 
Amplifier Bias Current graph. Larger amplitudes of input sig- 
nal also improve the S/N ratio. The linearizing diodes help 
here by allowing larger input signals for the same output 
distortion as shown by the Distortion vs. Differential Input 
Voltage graph. S/N may be optimized by adjusting the mag- 
nitude of the input signal via Rin (Figure 2) until the output 


distortion is below some desired level. The output voltage 
swing can then be set at any level by selecting Rl- 
Although the noise contribution of the linearizing diodes is 
negligible relative to the contribution of the amplifier’s inter- 
nal transistors, Id should be as large as possible. This mini- 
mizes the dynamic junction resistance of the diodes (r e ) and 
maximizes their linearizing action when balanced against 
R|N. A value of 1 mA is recommended for Ip unless the 
specific application demands otherwise. 



GAIN 

CONTROL 


FIGURE 2. Voltage Controlled Amplifier 



RTH>t's 


: IS ^2lABC^ 


FIGURE 3. Equivalent VCA Input Circuit 
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Stereo Volume Control 

The circuit of Figure 4 uses the excellent matching of the 
two LM 13700 amplifiers to provide a Stereo Volume Control 
with a typical channel-to-channel gain tracking of 0.3 dB. Rp 
is provided to minimize the output offset voltage and may be 
replaced with two 510ft resistors in AC-coupled applica- 
tions. For the component values given, amplifier gain is de- 
rived for Figure 2 as being: 

Vo 

7T = 9 40 X I abc 


If Vq is derived from a second signal source then the circuit 
becomes an amplitude modulator or two-quadrant multiplier 
as shown in Figure 5, where: 

. -2I S „ ■■■ . ~2IsY|N2 2I S (V- + 14V) 

'° - -J- OaBC) - — " b Rc 

The constant term in the above equation may be cancelled 
by feeding Is X IdRc / 2 ( v_ + 1.4V) into l<> The circuit of 
Figure 6 adds Rm to provide this current, resulting in a four- 
quadrant multiplier where Rc is trimmed such that Vq = 0V 
for V|N 2 = 0V. Rm also serves as the load resistor for Iq. 



FIGURE 4. Stereo Volume Control 
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Stereo Volume Control (Continued) 



Noting that the gain of the LM13700 amplifier of Figure 3 
may be controlled by varying the linearizing diode current Id 
as well as by varying Iabc> Figure 7 shows an AGC Amplifier 
using this approach. As Vq reaches a high enough ampli- 
tude (3 Vbe) to turn on the Darlington transistors and the 
linearizing diodes, the increase in Iq reduces the amplifier 
gain so as to hold V© at that level. 

Voltage Controlled Resistors 

An Operational Transconductance Amplifier (OTA) may be 
used to implement a Voltage Controlled Resistor as shown 
in Figure 8. A signal voltage applied at Rx generates a V|n 


R X = - 


TL/H/7981-13 


to the LM 13700 which is then multiplied by the g m of the 
amplifier to produce an output current, thus: 

R + Ra 
9m Ra 

where g m ~ 1 9.2 Iabc at 25°C. Note that the attenuation of 
Vq by R and Ra is necessary to maintain V|n within the 
linear range of the LM 13700 input. 

Figure 9 shows a similar VCR where the linearizing diodes 
are added, essentially improving the noise performance of 
the resistor. A floating VCR is shown in Figure 10, where 
each “end” of the “resistor” may be at any voltage within 
the output voltage range of the LM 13700. 



TL/H/7981-14 
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Voltage Controlled Filters 

OTA’s are extremely useful for implementing voltage con- 
trolled filters, with the LM 13700 having the advantage that 
the required buffers are included on the I.C. The VC Lo-Pass 
Filter of Figure 1 1 performs as a unity-gain buffer amplifier 
at frequencies below cut-off, with the cut-off frequency be- 
ing the point at which Xc/g m equals the closed-loop gain of 
(R/Ra). At frequencies above cut-off the circuit provides a 
single RC roll-off (6 dB per octave) of the input signal ampli- 
tude with a -3 dB point defined by the given equation, 
where g m is again 1 9.2 X Iabc at room temperature. Figure 


12 shows a VC High-Pass Filter which operates in much the 
same manner, providing a single RC roll-off below the de- 
fined cut-off frequency. 

Additional amplifiers may be used to implement higher order 
filters as demonstrated by the two-pole Butterworth Lo-Pass 
Filter of Figure 13 and the state variable filter of Figure 14. 
Due to the excellent g m tracking of the two amplifiers, these 
filters perform well over several decades of frequency. 



FIGURE 10. Floating Voltage Controlled Resistor 



vo 

f 0 =jA g m 

(R+RA)2ttC 


FIGURE 11. Voltage Controlled Low-Pass Filter 
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Voltage Controlled Filters (Continued) 


Mmm 


f 6 

1 V, N 

6 -15 v 

° (R + R/0 2ttC 

FIGURE 12. Voltage Controlled Hi-Pass Filter 
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R A< f 200ft 


FIGURE 13. Voltage Controlled 2-Pole Butterworth Lo-Pass Filter 


BANDPASS OUT 

FIGURE 14. Voltage Controlled State Variable Filter 


1-660 







Voltage Controlled Oscillators 

The classic Triangular/ Square Wave VCO of Figure 15 is 
one of a variety of Voltage Controlled Oscillators which may 
be built utilizing the LM 13700. With the component values 
shown, this oscillator provides signals from 200 kHz to be- 
low 2 Hz as lc is varied from 1 mA to 10 nA. The output 
amplitudes are set by Ia x Ra- Note that the peak differen- 
tial input voltage must be less than 5V to prevent zenering 
the inputs. 

A few modifications to this circuit produce the ramp/pulse 
VCO of Figure 16. When V 02 is high, Ip is added to lc to 


increase amplifier A1 ’s bias current and thus to increase the 
charging rate of capacitor C. When V 02 is low, Ip goes to 
zero and the capacitor discharge current is set by lc- 
The VC Lo-Pass Filter of Figure 11 may be used to produce 
a high-quality sinusoidal VCO. The circuit of Figure 16 em- 
ploys two LM1 3700 packages, with three of the amplifiers 
configured as lo-pass filters and the fourth as a limiter/in- 
verter. The circuit oscillates at the frequency at which the 
loop phase-shift is 360° or 180° for the inverter and 60° per 
filter stage. This VCO operates from 5 Hz to 50 kHz with 
less than 1 % THD. 



FIGURE 15. Triangular/Square- Wave VCO 
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Voltage Controlled Oscillators (Continued) 

30 K 



Additional Applications 

Figure 19 presents an interesting one-shot which draws no 
power supply current until it is triggered. A positive-going 
trigger pulse of at least 2V amplitude turns on the amplifier 
through Rb and pulls the non-inverting input high. The am- 
plifier regenerates and latches its output high until capacitor 
C charges to the voltage level on the non-inverting input. 
The output then Switches low, turning off the amplifier and 
discharging the capacitor. The capacitor discharge rate is 
speeded up by shorting the diode bias pin to the inverting 
input so that an additional discharge current flows through 
D| when the amplifier output switches low. A special feature 
of this timer is that the other amplifier, when biased from Vo, 
can perform another function and draw zero stand-by power 
as well. 


10 K 



Figure 18 shows how to build a VCO using one amplifier 
when the other amplifier is needed for another function. 



~ 10 K 

VW 1 

FIGURE 19. Zero Stand-By Power Timer 
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Additional Applications (Continued) 

The operation of the multiplexer of Figure 20 is very straight- 
forward. When A1 is turned on it holds Vq equal to Vini and 
when A 2 is supplied with bias current then it controls Vq. Cc 
and Rc serve to stabilize the unity-gain configuration of am- 
plifiers A1 and A2. The maximum clock rate is limited to 
about 200 kHz by the LM13700 slew rate into 150 pF when 
the (V|ni-V|N 2) differential is at its maximum allowable val- 
ue of 5V. 


The Phase-Locked Loop of Figure 21 uses the four-quad- 
rant multiplier of Figure 6 and the VCO of Figure 18 to pro- 
duce a PLL with a ± 5% hold-in range and an input sensitivi- 
ty of about 300 mV. 



FIGURE 20. Multiplexer 



V 0 

fC=1 KHz 

±5% 

HOLD IN 
RANGE 


FIGURE 21. Phase Lock Loop 
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Additional Applications (Continued) 

The Schmitt Trigger of Figure 22 uses the amplifier output 
current into R to set the hysteresis of the comparator; thus 
V H = 2 x R x lg; Varying Ib will produce a Schmitt Trigger 
with variable hysteresis. 

82 K 



Figure 23 shows a Tachometer or Frequency-to- Voltage 
converter. Whenever A1 is toggled by a positive-going input, 
an amount of charge equal to (Vh-Vl) Ct is sourced into Cf 
and Rt- This once per cycle charge is then balanced by the 
current of Vo/Rt- The maximum Fin is limited by the amount 
of time required to charge Ct from Vl to Vh with a current of 
Ib, where Vl and Vh represent the maximum low and maxi- 
mum high output voltage swing of the LM13700. D1 is add- 
ed to provide a discharge path for Ct when A1 switches low. 
The Peak Detector of Figure 24 uses A2 to turn on A1 
whenever Vin becomes more positive than Vq. A1 then 
charges storage capacitor C to hold Vq equal to Vin PK. 
Pulling the output of A2 low through D1 serves to turn off A1 
so that Vq remains constant. 
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Additional Applications (Continued) 

The Ramp-and-Hold of Figure 26 sources Ib into capacitor 
C whenever the input to A1 is brought high, giving a ramp- 
rate of about 1 V/ms for the component values shown. 

The true-RMS converter of Figure 27 is essentially an auto- 
matic gain control amplifier which adjusts its gain such that 
the AC power at the output of amplifier A1 is constant. The 
output power of amplifier A1 is monitored by squaring ampli- 
fier A2 and the average compared to a reference voltage 
with amplifier A3. The output of A3 provides bias current to 
the diodes of A1 to attenuate the input signal. Because the 
output power of A1 is held constant, the RMS value is con- 
stant and the attenuation is directly proportional to the RMS 
value of the input voltage. The attenuation is also propor- 
tional to the diode bias current. Amplifier A4 adjusts the ratio 
of currents through the diodes to be equal and therefore the 
voltage at the output of A4 is proportional to the RMS value 
of the input voltage. The calibration potentiometer is set 
such that Vq reads directly in RMS volts. 



RAMP 

UP 
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Additional Applications (Continued) 
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The circuit of Figure 28 is a voltage reference of variable 
Temperature Coefficient. The 100 kfl potentiometer adjusts 
the output voltage which has a positive TC above 1 .2V, zero 
TC at about 1.2V, and negative TC below 1.2V. This is ac- 
complished by balancing the TC of the A2 transfer function 
against the complementary TC of D1 . 

The wide dynamic range of the LM13700 allows easy con- 
trol of the output pulse width in the Pulse Width Modulator 
of Figure 29. 

For generating Iabc over a range of 4 to 6 decades of cur- 
rent, the system of Figure 30 provides a logarithmic current 
out for a linear voltage in. 

Since the closed-loop configuration ensures that the input 
to A2 is held equal to OV, the output current of A1 is equal to 

l 3 = -v c /Ro 

The differential voltage between Q1 and Q2 is attenuated 
by the R1 ,R2 network so that A1 may be assumed to be 


V B 1 


operating within its linear range. From equation (5), the input 
voltage to A1 is: 

— 2kTI 3 — 2kTV c 

IN d>2 d*2 R C 

The voltage on the base of Q1 is then 
(Ri + R 2 ) VinI 
Ri 

The ratio of the Q1 and Q2 collector currents is defined by: 

V B 1 = — in ~ — | n 1^12 

q >C1 q h 

Combining and solving for Iabc yields: 

. „_2(R 1 +Ra)Vc 

Iabc - h exp — - - 

Ri >2 Rc 

This logarithmic current can be used to bias the circuit of 
Figure 4 to provide temperature independent stereo attenu- 
ation characteristic. 
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Additional Applications (Continued) 


+15 V 



TL/H/7981-37 

FIGURE 30. Logarithmic Current Source 
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National Semiconductor 


LMC660 

CMOS Quad Operational Amplifier 


General Description 

The LMC660 CMOS Quad operational amplifier is ideal for 
operation from a single supply. It operates from +5V to 
+ 15V and features rail-to-rail output swing in addition to an 
input common-mode range that includes ground. Perform- 
ance limitations that have plagued CMOS amplifiers in the 
past are not a problem with this design. Input Vqs> drift, and 
broadband noise as well as voltage gain into realistic loads 
(2 kft and 600ft) are all equal to or better than widely ac- 
cepted bipolar equivalents. 

This chip is built with National’s advanced Double-Poly Sili- 
con-Gate CMOS process. 

See the LMC662 datasheet for a dual CMOS operational 
amplifier with these same features. 

Features 

■ Rail-to-rail output swing 

■ Specified for 2 kft and 600ft loads 

■ High voltage gain 126 dB 

■ Low input offset voltage 3 mV 


■ Low offset voltage drift 1 .3 jaV/°C 

■ Ultra low input bias current 2 fA 

■ Input common-mode range includes V - 

■ Operating range from + 5V to -I- 15V supply 

■ Iss = 375 juA/amplifier; independent of V + 

■ Low distortion 0.01% at 10 kHz 

■ Slew rate 1.1 V//xs 

■ Available in extended temperature range (-40°C to 
+ 125°C); ideal for automotive applications 

■ Available to Standard Military Drawing specification 

Applications 

■ High-impedance buffer or preamplifier 

■ Precision current-to-voltage converter 

■ Long-term integrator 

■ Sample-and-Hold circuit 

■ Peak detector 

■ Medical instrumentation 

■ Industrial controls 

■ Automotive sensors 


Connection Diagram 


14-Pin DIP/SO 


14 13 12 11 10 9 



14-Pin 

Small Outline 


14-Pin 

Molded DIP 

14-Pin 

Side Brazed LMC660AMD 
Ceramic DIP 


Transport 

Media 


Rail 

Tape and Reel 


LMC660EN LMC660AIN LMC660CN N14A 


LMC660 













LMC660 


Absolute Maximum Ratings (Note 3) 


If Military/ Aerospace specified devices are required, 

Power Dissipation 

(Note 2) 

please contact the National Semiconductor Sales 

Junction Temperature 

150°C 

Office/Distributors for availability and specifications. 

ESD tolerance (Note 8) 

1000V 

Differential Input Voltage 

± Supply Voltage 



Supply Voltage 

16V 

Operating Ratings 


Output Short Circuit to V + 

(Note 12) 

Temperature Range 


Output Short Circuit to V~ 

(Note 1) 

LMC660AMJ/883, 


Lead T emperature (Soldering, 1 0 sec.) 260°C 

LMC660AMD 

-55°C ^ Tj ^ + 1 25°C 

Storage Temp. Range 

— 65°C to + 150°C 

LMC660AI 

LMC660C 

— 40°C £ Tj £ +85°C 
0°C ^ Tj ^ + 70°C 

Voltage at Input/Output Pins 

(V+) + 0.3V, (V-) - 0.3V 

LMC660E 

-40 o C^Tj^ + 1 25°C 

Current at Output Pin 

± 1 8 mA 

Supply Voltage Range 

4.75V to 15.5V 

Current at Input Pin 

±5mA 

Power Dissipation 

(Note 10) 

Current at Power Supply Pin 

35 mA 

Thermal Resistance (0ja) (Note 11) 




14-Pin Ceramic DIP 

90°C/W 



14-Pin Molded DIP 

85°C/W 



14-Pin SO 

115°C/W 



14-Pin Side Brazed Ceramic DIP 

90°C/W 

DC Electrical Characteristics 




Unless otherwise specified, all limits guaranteed for Tj = 25°C. Boldface limits apply at the temperature extremes. 
V+ = 5V, V - = OV, Vqm = 1.5V, Vq = 2.5V and Rl > 1M unless otherwise specified. 





LMC660AMD 

LMC660AI 

LMC660C 

LMC660E 

1 

Parameter 

Conditions 

Typ 

LMC660 AM J/883 

Units 




(Note 4) 

Limit 

Limit 

Limit 

Limit 







(Notes 4, 9) 

(Note 4) 

(Note 4) 

(Note 4) 


Input Offset Voltage 


1 

3 

3 

6 

6 

mV 



3.5 

3.3 

6.3 

6.5 

max 

Input Offset Voltage 
Average Drift 


1.3 





jLtV/°C 

Input Bias Current 


0.002 

20 




pA 



100 

4 

2 

60 

max 

Input Offset Current 


0.001 

20 







100 

2 

1 

60 


Input Resistance 


>1 





Teraft 

Common Mode 

0V ^ V C m ^ 12.0V 

83 

70 

70 

63 

63 

dB 

Rejection Ratio 

V+ = 15V 

68 

68 

62 

60 

min 

Positive Power Supply 

5V^ V+ <£ 15V 

83 

70 

70 

63 



Rejection Ratio 

V 0 = 2.5V 

68 

68 

62 



Negative Power Supply 

ov<; v- <; -lov 

94 

84 

84 

74 



Rejection Ratio 


82 

83 

73 



Input Common-Mode 

V+ = 5V&15V 

-0.4 

-0.1 

-0.1 

-0.1 

-0.1 

V 

Voltage Range 

For CMRR ^ 50 dB 

0 

0 

0 

0 

max 



< 

+ 

1 

CD 

V+ - 2.3 







V+ - 2.6 


IDSS 



Large Signal 

R l = 2 kfl (Note 5) 

2000 

400 

440 

■ 



Voltage Gain 

Sourcing 

300 

400 

IEEZ3H 




Sinking 

500 

180 

180 

90 

90 

V/mV 



70 

120 

80 

40 

min 


R L = 600H (Note 5) 


200 


150 

100 



Sourcing 

150 


100 

75 



Sinking 


100 

100 

50 


V/mV 



35 

60 

40 


min 
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DC Electrical Characteristics (Continued) 

Unless otherwise specified, all limits guaranteed for Tj 


25°C. Boldface limits apply at the temperature extremes. 


OV, Vqm = 1.5V, Vo = 2.5V and R|_ > 1M unless otherwise specified. 


Output Swing 


Conditions 


V+ = 5V 

R l = 2 kft to V + /2 


V+ = 5V 

R l = 600ntoV+/2 


V+ = 15V 

R l = 2kfitoV+/2 


Typ 

(Note 4) 


LMC660AMD 

LMC660AMJ/883 

Limit 

(Notes 4, 9) 


LMC660AI 

LMC660C 

LMC660E 

Limit 

Limit 

Limit 

(Note 4) 

(Note 4) 

(Note 4) 

4.82 

4.78 

4.78 

4.79 

4.76 

4.70 

0.15 

0.19 


0.17 

0.21 





LMC660 













LMC660 


AC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C. Boldface limits apply at the temperature extremes. V+ = 5V, 
V~ = OV, Vqm = 1 .5V, Vq = 2.5V and R|_ > 1 M unless otherwise specified. 


Parameter 

Conditions 

Typ 

LMC660AMD 

LMC660AMJ/883 

LMC660AI 

LMC660C 

LMC660E 

Units 

(Note 4) 



Limit 

Limit 






(Note 4) 

(Note 4) 


Slew Rate 

(Note 6) 

1.1 

0.8 

0.8 

0.8 

0.8 

V//XS 




0.5 

0.6 

0.7 

0.4 

min 

Gain-Bandwidth Product 


1.4 

0.5 




MHz 

Phase Margin 


50 





Deg 

Gain Margin 


17 





dB 

Amp-to-Amp Isolation 

(Note 7) 

130 





dB 

Input Referred Voltage Noise 

F = 1 kHz 

22 





nV/VHz 

Input Referred Current Noise 

F = 1 kHz 

0.0002 





pA/VHz 

Total Harmonic Distortion 

F= 1 0 kHz, A v = -10 
R l = 2kft,V 0 = 8 Vpp 
V+ = 15V 

0.01 





% 


Note 1: Applies to both single supply and split supply operation. Continuous short circuit operation at elevated ambient temperature and/or multiple Op Amp shorts 
can result in exceeding the maximum allowed junction temperature of 1 50°C. Output currents in excess of ±30 mA over long term may adversely affect reliability. 
Note 2: The maximum power dissipation is a function of Tj( max ), 0j A , and Ta- The maximum allowable power dissipation at any ambient temperature is 
Pd = (Tj(max)) ~ T a )/0ja- 

Note 3: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 

Note 4: Typical values represent the most likely parametric norm. Limits are guaranteed by testing or correlation. 

Note 5: V + = 15V, V C m = 7.5V and R L connected to 7.5V. For Sourcing tests, 7.5V £ V 0 <s 11.5V. For Sinking tests, 2.5V <; V 0 <; 7.5V. 

Note 6: V + = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 

Note 7: Input referred. V + = 15V and R|_ = 10 kill connected to V + /2. Each amp excited in turn with 1 kHz to produce Vq = 13 Vpp. 

Note 8: Human body model, 1.5 kft in series with 100 pF. 

Note 9: A military RETS electrical test specification is available on request. At the time of printing, the LMC660AMJ/883 RETS spec complied fully with the 
boldface limits in this column. The LMC660AMJ/883 may also be procured to a Standard Military Drawing specification. 

Note 10: For operating at elevated temperatures the device must be derated based on the thermal resistance 0j A with Pq = (Tj - T a )/0ja- 
Note 11: All numbers apply for packages soldered directly into a PC board. 

Note 12: Do not connect output to V+ when V+ is greater than 13V or reliability may be adversely affected. 
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Typical Performance Characteristics Vs = ±7.5V, Ta = 25°C unless otherwise specified 


Supply Current 
vs Supply Voltage 
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Output Characteristics 
Current Sinking 



OUTPUT SINK CURRENT (mA) 
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FREQUENCY (Hz) 
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Output Characteristics 
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OUTPUT SOURCE CURRENT (mA) 
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Application Hints 

Amplifier Topology 

The topology chosen for the LMC660, shown in Figure 1, is 
unconventional (compared to general-purpose op amps) in 
that the traditional unity-gain buffer output stage is not used; 
instead, the output is taken directly from the output of the 
integrator, to allow rail-to-rail output swing. Since the buffer 
traditionally delivers the power to the load, while maintaining 
high op amp gain and stability, and must withstand shorts to 
either rail, these tasks now fall to the integrator. 

As a result of these demands, the integrator is a compound 
affair with an embedded gain stage that is doubly fed for- 
ward (via Cf and Cff) by a dedicated unity-gain compensa- 
tion driver. In addition, the output portion of the integrator is 
a push-pull configuration for delivering heavy loads. While 
sinking current the whole amplifier path consists of three 
gain stages with one stage fed forward, whereas while 
sourcing the path contains four gain stages with two fed 
forward. 



The large signal voltage gain while sourcing is comparable 
to traditional bipolar op amps, even with a 600H load. The 
gain while sinking is higher than most CMOS op amps, due 
to the additional gain stage; however, under heavy load 
(600H) the gain will be reduced as indicated in the Electrical 
Characteristics. 

Compensating Input Capacitance 

The high input resistance of the LMC660 op amps allows 
the use of large feedback and source resistor values without 
losing gain accuracy due to loading. However, the circuit will 
be especially sensitive to its layout when these large-value 
resistors are used. 

Every amplifier has some capacitance between each input 
and AC ground, and also some differential capacitance be- 
tween the inputs. When the feedback network around an 
amplifier is resistive, this input capacitance (along with any 
additional capacitance due to circuit board traces, the sock- 
et, etc.) and the feedback resistors create a pole in the 
feedback path. In the following General Operational Amplifi- 
er circuit, Figure 2 the frequency of this pole is 

f P = ^— 

27rCs Rp 

where Cs is the total capacitance at the inverting input, in- 
cluding amplifier input capcitance and any stray capacitance 
from the 1C socket (if one is used), circuit board traces, etc., 
and Rp is the parallel combination of Rp and R|n- This for- 
mula, as well as all formulae derived below, apply to invert- 
ing and non-inverting op-amp configurations. 

When the feedback resistors are smaller than a few kft, the 
frequency of the feedback pole will be quite high, since Cs 


is generally less than 10 pF. If the frequency of the feed- 
back pole is much higher than the “ideal’’ closed-loop band- 
width (the nominal closed-loop bandwidth in the absence of 
Cs), the pole will have a negligible effect on stability, as it 
will add only a small amount of phase shift. 

However, if the feedback pole is less than approximately 6 
to 10 times the “ideal” -3 dB frequency, a feedback ca- 
pacitor, Cp, should be connected between the output and 
the inverting input of the op amp. This condition can also be 
stated in terms of the amplifier’s low-frequency noise gain: 
To maintain stability a feedback capacitor will probably be 
needed if 


+ 1) <: V6 X 2t r X GBW X Rp X C s 
R|N 

where (77^- -Hi) is the amplifier’s low-frequency noise 
\R|N / 

gain and GBW is the amplifier’s gain bandwidth product. An 
amplifier’s low-frequency noise gain is represented by the 

formula ( + 1 ) regardless of whether the amplifier is 
VRin / 

being used in inverting or non-inverting mode. Note that a 
feedback capacitor is more likely to be needed when the 
noise gain is low and/or the feedback resistor is large. 

If the above condition is met (indicating a feedback capaci- 
tor will probably be needed), and the noise gain is large 
enough that: 

+ 1 ) ^ 2VGBW x R f x C s , 

\H| N / 

the following value of feedback capacitor is recommended: 



If 


(£♦’) 

the feedback capacitor should be: 


< 2VGBW XRpXCs 


Cs 


GBW X R F 


Note that these capacitor values are usually significant 
smaller than those given by the older, more conservative 
formula: 


= c s r in 
Rf 



TL/H/8767-6 

FIGURE 2. General Operational Amplifier Circuit 

Cs consists of the amplifier’s input capacitance plus any stray capacitance 
from the circuit board and socket. Cp compensates for the pole caused by 
Cs and the feedback resistors. 
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Application Hints (Continued) 

Using the smaller capacitors will give much higher band- 
width with little degradation of transient response. It may be 
necessary in any of the above cases to use a somewhat 
larger feedback capacitor to allow for unexpected stray ca- 
pacitance, or to tolerate additional phase shifts in the loop, 
or excessive capacitive load, or to decrease the noise or 
bandwidth, or simply because the particular circuit imple- 
mentation needs more feedback capacitance to be suffi- 
ciently stable. For example, a printed circuit board’s stray 
capacitance may be larger or smaller than the bread- 
board’s, so the actual optimum value for Cp may be different 
from the one estimated using the breadboard. In most cas- 
es, the values of Cp should be checked on the actual circuit, 
starting with the computed value. 

Capacitive Load Tolerance 

Like many other op amps, the LMC660 may oscillate when 
its applied load appears capacitive. The threshold of oscilla- 
tion varies both with load and circuit gain. The configuration 
most sensitive to oscillation is a unity-gain follower. See 
Typical Performance Characteristics. 

The load capacitance interacts with the op amp’s output 
resistance to create an additional pole. If this pole frequen- 
cy is sufficiently low, it will degrade the op amp’s phase 
margin so that the amplifier is no longer stable at low gains. 
As shown in Figure 3a, the addition of a small resistor (5011 
to 100ft) in series with the op amp’s output, and a capacitor 
(5 pF to 10 pF) from inverting input to output pins, returns 
the phase margin to a safe value without interfering with 
lower-frequency circuit operation. Thus larger values of ca- 
pacitance can be tolerated without oscillation. Note that in 
all cases, the output will ring heavily when the load capaci- 
tance is near the threshold for oscillation. 

100 kfl 



FIGURE 3a. Rx, Cx Improve Capacitive Load Tolerance 

Capacitive load driving capability is enhanced by using a pull 
up resistor to V+ (Figure 3b). Typically a pull up resistor 
conducting 500 julA or more will significantly improve capaci- 
tive load responses. The value of the pull up resistor must 
be determined based on the current sinking capability of the 
amplifier with respect to the desired output swing. Open 
loop gain of the amplifier can also be affected by the pull up 
resistor (see Electrical Characteristics). 


v+ 



TL/H/8767-23 

FIGURE 3b. Compensating for Large Capacitive Loads 
with a Pull Up Resistor 


PRINTED-CIRCUIT-BOARD LAYOUT 
FOR HIGH-IMPEDANCE WORK 

It is generally recognized that any circuit which must oper- 
ate with less than 1 000 pA of leakage current requires spe- 
cial layout of the PC board. When one wishes to take advan- 
tage of the ultra-low bias current of the LMC662, typically 
less than 0.04 pA, it is essential to have an excellent layout. 
Fortunately, the techniques for obtaining low leakages are 
quite simple. First, the user must not ignore the surface 
leakage of the PC board, even though it may sometimes 
appear acceptably low, because under conditions of high 
humidity or dust or contamination, the surface leakage will 
be appreciable. 

To minimize the effect of any surface leakage, lay out a ring 
of foil completely surrounding the LMC660’s inputs and the 
terminals of capacitors, diodes, conductors, resistors, relay 
terminals, etc. connected to the op-amp’s inputs. See Fig- 
ure 4. To have a significant effect, guard rings should be 
placed on both the top and bottom of the PC board. This PC 
foil must then be connected to a voltage which is at the 
same voltage as the amplifier inputs, since no leakage cur- 
rent can flow between two points at the same potential. For 
example, a PC board trace-to-pad resistance of 10 12 ft, 
which is normally considered a very large resistance, could 
leak 5 pA if the trace were a 5 V bus adjacent to the pad of 
an input. This would cause a 100 times degradation from 
the LMC660’s actual performance. However, if a guard ring 
is held within 5 mV of the inputs, then even a resistance of 
10H ft would cause only 0.05 pA of leakage current, or per- 
haps a minor (2:1) degradation of the amplifier’s perform- 
ance. See Figures 5a, 5b, 5c for typical connections of 
guard rings for standard op-amp configurations. If both in- 
puts are active and at high impedance, the guard can be 
tied to ground and still provide some protection; see Figure 
5d. 



TL/H/8767-16 

FIGURE 4. Example, using the LMC660, 
of Guard Ring in P.C. Board Layout 
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Application Hints (Continued) 


Cl 



(a) Inverting Amplifier 



(b) Non-inverting Amplifier 



(c) Follower 


OUTPUT 


TL/H/8767-19 


R3 



FIGURE 5. Guard Ring Connections 

The designer should be aware that when it is inappropriate 
to lay out a PC board for the sake of just a few circuits, there 
is another technique which is even better than a guard ring 
on a PC board: Don’t insert the amplifier’s input pin into the 
board at all, but bend it up in the air and use only air as an 
insulator. Air is an excellent insulator. In this case you may 


have to forego some of the advantages of PC board con- 
struction, but the advantages are sometimes well worth the 
effort of using point-to-point up-in-the-air wiring. See 
Figure 6. 


FEEDBACK 

CAPACITOR 



(Input pins are lifted out of PC board and soldered directly to components. 
All other pins connected to PC board.) 


FIGURE 6. Air Wiring 


BIAS CURRENT TESTING 


The test method of Figure 7 is appropriate for bench-testing 
bias current with reasonable accuracy. To understand its 
operation, first close switch S2 momentarily. When S2 is 
opened, then 


lb = 


dVom 

dt 


X C2. 



A suitable capacitor for C2 would be a 5 pF or 10 pF silver 
mica, NPO ceramic, or air-dielectric. When determining the 
magnitude of lb“. the leakage of the capacitor and socket 
must be taken into account. Switch S2 should be left short- 
ed most of the time, or else the dielectric absorption of the 
capacitor C2 could cause errors. 

Similarly, if SI is shorted momentarily (while leaving S2 
shorted) 

'■> + =t x(C1 + Cx) 

where Cx is the stray capacitance at the + input. 
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Typical Single-Supply Applications <v+ - 5.0 vdq 


Additional single-supply applications ideas can be found in 
the LM324 datasheet. The LMC660 is pin-for-pin compatible 
with the LM324 and offers greater bandwidth and input re- 
sistance over the LM324. These features will improve the 
performance of many existing single-supply applications. 
Note, however, that the supply voltage range of the 
LMC660 is smaller than that of the LM324. 


Low-Leakage Sample-and-Hold 



Sine-Wave Oscillator 



Instrumentation Amplifier 



If R1 = R5, R3 = R6, and R4 = R7; then 
Vqut _ R2 + 2R1 R4 
V| N ~ R2 X R3 
.'. Ay ~ 1 00 for circuit shown. 

For good CMRR over temperature, low drift resistors should 
be used. Matching of R3 to R6 and R4 to R7 affect CMRR. 
Gain may be adjusted through R2. CMRR may be adjusted 
through R7. 


Oscillator frequency is determined by R1, R2, Cl, and C2: 
fosc = 1 /27rRC, where R = R1 = R2and 
C = Cl = C2. 

This circuit, as shown, oscillates at 2.0 kHz with a peak-to- 
peak output swing of 4.5V. 

1 Hz Square-Wave Oscillator 


R4 



Power Amplifier 
R4 
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National Semiconductor 


LMC662 

CMOS Dual Operational Amplifier 


General Description 

The LMC662 CMOS Dual operational amplifier is ideal for 
operation from a single supply. It operates from +5V to 
+ 1 5V and features rail-to-rail output swing in addition to an 
input common-mode range that includes ground. Perform- 
ance limitations that have plagued CMOS amplifiers in the 
past are not a problem with this design. Input Vos. drift, and 
broadband noise as well as voltage gain into realistic loads 
(2 kft and 600H) are all equal to or better than widely ac- 
cepted bipolar equivalents. 

This chip is built with National’s advanced Double-Poly Sili- 
con-Gate CMOS process. 

See the LMC660 datasheet for a Quad CMOS operational 
amplifier with these same features. 

Features 

■ Rail-to-rail output swing 

■ Specified for 2 kfl and 6000 loads 

■ High voltage gain 

■ Low input offset voltage 

■ Low offset voltage drift 


■ Ultra low input bias current 2 fA 

■ Input common-mode range includes V - 

■ Operating range from + 5V to + 1 5V supply 

■ Iss = 400 fxA/amplifier; independent of V + 

■ Low distortion 0.01% at 10 kHz 

■ Slew rate 1.1 V/jns 

■ Available in extended temperature range (-40°C to 
+ 125°C); ideal for automotive applications 

■ Available to a Standard Military Drawing specification 

Applications 

■ High-impedance buffer or preamplifier 

■ Precision current-to-voltage converter 

■ Long-term integrator 

■ Sample-and-hold circuit 

■ Peak detector 

■ Medical instrumentation 

■ Industrial controls 

■ Automotive sensors 


126 dB 
3 mV 
1.3 juV/°C 


Connection Diagram 


8-Pin DIP/SO 



TL/H/9763-1 


Ordering information 


Package 

Temperature Range 

NSC 

Drawing 

Transport 

Media 


Extended 

Industrial 

Commercial 

8-Pin 

Ceramic DIP 

LMC662AMJ/883 




J08A 

Rail 

8-Pin 

Small Outline 




LMC662CM 

M08A 

Rail, 

Tape and Reel 

8-Pin 

Molded DIP 


LMC662EN 

LMC662AIN 

LMC662CN 



8-Pin 

Side Brazed 
Ceramic DIP 

LMC662AMD 




D08C 

Rail 


1 
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Absolute Maximum Ratings (Note 3) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Differential Input Voltage 
Supply Voltage (V + - V~) 
Output Short Circuit to V + 
Output Short Circuit to V - 
Lead Temperature (Soldering, 
Storage Temp. Range 
Voltage at Input/Output Pins 
Current at Output Pin 
Current at Input Pin 
Current at Power Supply Pin 
Power Dissipation 
Junction Temperature 
ESD Tolerance (Note 8) 


± Supply Voltage 
16V 
(Note 12) 
(Note 1) 

sec.) 260° C 

— 65°C to + 1 50°C 
(V+) +0.3V, (V~) -0.3V 
± 1 8 mA 
±5 mA 
35 mA 
(Note 2) 
150°C 
1000V 


Operating Ratings (Note 3) 


Temperature Range 
LMC662AMJ/883, 
LMC662AMD 
LMC662AI 
LMC662C 
LMC662E 


— 55°C <; Tj <; -f 1 25°C 
— 40°C ^ Tj ^ +85°C 
0°C ^ Tj ^ +70°C 
— 40°C ^ Tj ^ + 1 25°C 


Supply Voltage Range 


4.75V to 15.5V 


Power Dissipation 


(Note 10) 


Thermal Resistance (0ja) (Note 11) 
8-Pin Ceramic DIP 
8-Pin Molded DIP 
8-Pin SO 

8-Pin Side Brazed Ceramic DIP 


100°C/W 
101°C/W 
1 65°C/W 
100°C/W 


DC Electrical Characteristics 

unless otherwise specified, all limits guaranteed for Tj = 25°C. Boldface limits apply at the temperature extremes. V + = 5V, 
V” = 0V, Vqm = 1.5V, Vq = 2.5V and R|_ > 1M unless otherwise specified. 





LMC662AMJ/883 

LMC662AI 

LMC662C 

LMC662E 


Parameter 

Conditions 

Typ 

LMC662AMD 


Units 



(Note 4) 

Limit 

Limit 

Limit 

Limit 







(Note 4, 9) 

(Note 4) 

(Note 4) 

(Note 4) 


Input Offset Voltage 


■) 

3 


6 

6 

mV 




3.5 


6.3 

6.5 

max 

Input Offset Voltage 
Average Drift 


1.3 





juV/°C 

Input Bias Current 


0.002 

20 




pA 



100 

4 

2 

60 

max 

Input Offset Current 


0.001 

20 




pA 



100 

2 


60 

max 

Input Resistance 


>1 





Teraft 

Common Mode 

0V ^ V C m ^ 12.0V 

83 

70 

70 


63 

dB 

Rejection Ratio 

V+ = 15V 

68 

68 


60 

min 

Positive Power Supply 

5V<; v+ <; 15V 

83 

70 




dB 

Rejection Ratio 

V 0 = 2.5V 

68 




min 

Negative Power Supply 

ov ^ v- <; -lov 

94 

84 

84 



dB 

Rejection Ratio 


82 

83 



min 

Input Common-Mode 

V+ = 5V&15V 

-0.4 

-0.1 

-0.1 

-0.1 

-0.1 

V 

Voltage Range 

For CMRR ;> 50 dB 

0 

0 

0 

0 

max 



V + - 1.9 

V+-2.3 

CO 

cvi 

1 

+ 

> 

< 

+ 

1 

ro 

w 

CO 

cvi 

1 

+ 

> 

V 



V+ - 2.6 

V+ - 2.5 

V+ - 2.4 

V+ - 2.6 

min 

Large Signal 

R L = 2 kft (Note 5) 

2000 

400 

440 

300 

200 

V/mV 

Voltage Gain 

Sourcing 

300 

400 

200 

ioo 

min 


Sinking 

500 

180 

180 

90 

90 

V/mV 



70 

120 

80 

40 

min 


R l = 600H (Note 5) 

1000 

200 

220 

150 

100 

V/mV 


Sourcing 

150 

200 

100 

75 

min 


Sinking 

250 

100 

100 

50 

50 

V/mV 



35 

60 

40 

20 

min 


1-680 





















DC Electrical Characteristics (Continued) 

unless otherwise specified, all limits guaranteed for Tj = 25°C. Boldface limits apply at the temperature extremes. V + = 5V, 
V - = OV, Vcm = 1.5V, Vq = 2.5V and Rl > 1M unless otherwise specified. 


Parameter 

Conditions 

Typ 

LMC662AMJ/883 

LMC662AMD 

LMC662AI 

LMC662C 

LMC662E 

Units 

(Note 4) 

Limit 

Limit 

Limit 

Limit 







(Note 4, 9) 

(Note 4) 

(Note 4) 

(Note 4) 


Output Swing 

< 

+ 

II 

Ul 

< 

4.87 

4.82 

4.82 

4.78 

4.78 

V 


R l = 2ktttoV+/2 

4.77 

4.79 

4.76 

4.70 

min 



0.10 

0.15 

0.15 

0.19 

0.19 

V 



0.19 

0.17 

0.21 

0.25 

max 


< 

+ 

II 

cn 

< 

4.61 

4.41 

4.41 

4.27 

4.27 

V 


R l = 600atoV + /2 

4.24 

4.31 

4.21 

4.10 

min 



0.30 

0.50 

0.50 

0.63 

0.63 

V 



0.63 

0.56 

0.69 

0.75 

max 


V+ = 15V 

14.63 

14.50 

14.50 

14.37 

14.37 

V 


R l = 2 kft to V+/2 

14.40 

14.44 

14.32 

14.25 

min 



0.26 

0.35 

0.35 

0.44 

0.44 

V 



0.43 

0.40 

0.48 

0.55 

max 


V+ = 15V 

13.90 

13.35 

13.35 

12.92 

12.92 

V 


R l = 600ft to V+/2 

13.02 

13.15 

12.76 

12.60 

min 



0.79 

1.16 

1.16 

1.45 

1.45 

V 



1.42 

1.32 

1.58 

1.75 

max 

Output Current 

Sourcing, Vq = OV 

22 

16 

16 

13 

13 

mA 

V+ = 5V 


12 

14 

11 

9 

min 


Sinking, Vq = 5V 

21 

16 

16 

13 

13 

mA 



12 

14 

11 

9 

min 

Output Current 

Sourcing, Vq = OV 

40 

19 

28 

23 

23 

mA 

V+ = 15V 


19 

25 

21 

15 

min 


Sinking, V 0 = 13V 

39 

19 

28 

23 

23 

mA 


(Note 1 2) 

19 

24 

20 

15 

min 

Supply Current 

Both Amplifiers 

0.75 

1.3 

1.3 

1.6 

1.6 

mA 


V 0 = 1.5V 

1.8 

1.5 

1.8 

1.9 

max 
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AC Electrical Characteristics 

unless otherwise specified, all limits guaranteed for Tj = 25°C. Boldface limits apply at the temperature extremes. V ' = 5V, 
V“ = OV, Vqm = 1.5V, Vo = 2.5V and R|_ > 1M unless otherwise specified. 


Parameter 

Conditions 

Typ 

LMC662AMJ/883 

LMC662AMD 

LMC662AI 

LMC662C 

LMC662E 

Units 

(Note 4) 

Limit 

Limit 

Limit 

Limit 




(Note 4, 9) 

(Note 4) 

(Note 4) 

(Note 4) 


Slew Rate 



0.8 

0.8 

0.8 

0.8 





0.5 

0.6 

0.7 

0.4 


Gain-Bandwidth Product 


1.4 





MHz 

Phase Margin 








Gain Margin 


17 





/ • 

Amp-to-Amp Isolation 

(Note 7) 

130 






Input-Referred Voltage Noise 


22 





nV/flz 

Input-Referred Current Noise 

F = 1 kHz 

0.0002 






Total Harmonic Distortion 

F = 10 kHz, A v = -10 
R l = 2 ka, V 0 = 8 Vpp 
V+ = 15V 

0.01 







Note 1: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature and/or multiple Op Amp shorts 
can result in exceeding the maximum allowed junction temperature of 150°C. Output currents in excess of ±30 mA over long term may adversely affect reliability. 
Note 2: The maximum power dissipation is a function of Tj( max ), 0 ja, and T/\. The maximum allowable power dissipation at any ambient temperature is P© = 
Oj(max)-TA)/ 0JA- 

Note 3: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 

Note 4: Typical values represent the most likely parametric norm. Limits are guaranteed by testing or correlation. 

Note 5: V + = 15V, Vqm = 7.5V and R|_ connected to 7.5V. For Sourcing tests, 7.5V £ V© ^ 11.5V. For Sinking tests, 2.5V ^ V© £ 7.5V. 

Note 6: V + = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 

Note 7: Input referred. V + = 15V and R|_ = 10 kft connected to V + /2. Each amp excited in turn with 1 kHz to produce V© = 13 Vpp. 

Note 8: Human body model, 1.5 kft in series with 100 pF. 

Note 9: A military RETS electrical test specification is available on request. At the time of printing, the LMC662AMJ/883 RETS spec complied fully with the 
boldface limits in this column. The LMC662AMJ/883 may also be procured to a Standard Military Drawing specification. 

Note 10: For operating at elevated temperatures the device must be derated based on the thermal resistance 0 ja with Pd = (Tj-Ta)/0ja- 
Note 11: All numbers apply for packages soldered directly into a PC board. 

Note 12: Do not connect output to V+ when V+ is greater than 13V or reliability may be adversely affected. 
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Typical Performance Characteristics v s = ±7.sv,t a 


Supply Current vs 
Supply Voltage 



TOTAL SUPPLY VOLTAGE (V DC) 


Offset Voltage 



25°C unless otherwise specified 


Input Bias Current 



0 25 50 75 100 125 150 

TEMPERATURE (®C) 


Output Characteristics 
Current Sinking 



0.001 0.01 0.1 1 10 100 


Output Characteristics 
Current Sourcing 



Input Voltage Noise 



10 100 Ik 10k 


OUTPUT SINK CURRENT (mA) 


OUTPUT SOURCE CURRENT (mA) 


FREQUENCY (Hz) 



100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Open-Loop Frequency 
Response 



1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Frequency Response vs 
Capacitive Load 



Non-Inverting Large Signal 
Pulse Response 



TIME (/is) 


Stability vs 
Capacitive Load 



SINKING SOURCING 

LOAD CURRENT (mA) 


Stability vs 
Capacitive Load 



SINKING SOURCING 

LOAD CURRENT (mA) 

TL/H/9763-3 


Note: Avoid resistive loads of less than 500ft, as Note: Avoid resistive loads of less than 500ft, as 
they may cause instability. they may cause instability. 
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Application Hints 

AMPLIFIER TOPOLOGY 

The topology chosen for the LMC662, shown in Figure 1 , is 
unconventional (compared to general-purpose op amps) in 
that the traditional unity-gain buffer output stage is not used; 
instead, the output is taken directly from the output of the 
integrator, to allow, rail-to-rail output swing. Since the buffer 
traditionally delivers the power to the load, while maintaining 
high op amp gain and stability, and must withstand shorts to 
either rail, these tasks now fall to the integrator. 

As a result of these demands, the integrator is a compound 
affair with an embedded gain stage that is doubly fed for- 
ward (via Cf and Cff) by a dedicated unity-gain compensa- 
tion driver. In addition, the output portion of the integrator is 
a push-pull configuration for delivering heavy loads. While 
sinking current the whole amplifier path consists of three 
gain stages with one stage fed forward, whereas while 
sourcing the path contains four gain stages with two fed 
forward. 



The large signal voltage gain while sourcing is comparable 
to traditional bipolar op amps, even with a 600ft load. The 
gain while sinking is higher than most CMOS op amps, due 
to the additional gain stage; however, under heavy load 
(600ft) the gain will be reduced as indicated in the Electrical 
Characteristics. 

COMPENSATING INPUT CAPACITANCE 

The high input resistance of the LMC662 op amps allows 
the use of large feedback and source resistor values without 
losing gain accuracy due to loading. However, the circuit will 
be especially sensitive to its layout when these large-value 
resistors are used. 

Every amplifier has some capacitance between each input 
and AC ground, and also some differential capacitance be- 
tween the inputs. When the feedback network around an 
amplifier is resistive, this input capacitance (along with any 
additional capacitance due to circuit board traces, the sock- 
et, etc.) and the feedback resistors create a pole in the 
feedback path. In the following General Operational Amplifi- 
er Circuit, Figure 2, the frequency of this pole is 

^ 27rCsRp 

where C§ is the total capacitance at the inverting input, in- 
cluding amplifier input capacitance and any stray capaci- 


tance from the 1C socket (if one is used), circuit board 
traces, etc., and Rp is the parallel combination of Rp and 
Rin- This formula, as well as all formulae derived below, 
apply to inverting and non-inverting op-amp configurations. 
When the feedback resistors are smaller than a few kft, the 
frequency of the feedback pole will be quite high, since Cs 
is generally less than 10 pF. If the frequency of the feed- 
back pole is much higher than the “ideal” closed-loop band- 
width (the nominal closed-loop bandwidth in the absence of 
Cs), the pole will have a negligible effect on stability, as it 
will add only a small amount of phase shift. 

However, if the feedback pole is less than approximately 6 
to 10 times the “ideal” -3 dB frequency, a feedback ca- 
pacitor, Cp, should be connected between the output and 
the inverting input of the op amp. This condition can also be 
stated in terms of the amplifier’s low-frequency noise gain: 
To maintain stability, a feedback capacitor will probably be 
needed if 

( — + 1 ) £ V6 X 2tt X GBW XRpXC s 

VR|N / 

where 



is the amplifier’s low-frequency noise gain and GBW is the 
amplifier’s gain bandwidth product. An amplifier’s low-fre- 
quency noise gain is represented by the formula 



regardless of whether the amplifier is being used in an in- 
verting or non-inverting mode. Note that a feedback capaci- 
tor is more likely to be needed when the noise gain is low 
and/or the feedback resistor is large. 

If the above condition is met (indicating a feedback capaci- 
tor will probably be needed), and the noise gain is large 
enough that: 

(^N + 0 * 2JGBW x Rf X C S , 
the following value of feedback capacitor is recommended: 



If 


(££■ + 1 ) < 2i/GBW XRpXCs, 
\R|N / 

the feedback capacitor should be: 

Cf = ^ 


Cs 


/GBW X Rp 


Note that these capacitor values are usually significantly 
smaller than those given by the older, more conservative 
formula: 


Cp = 


c S r in 

Rp 
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Application Hints (Continued) 



” TL/H/9763-6 

FIGURE 2. General Operational Amplifier Circuit 

Cg consists of the amplifier's input capacitance plus any stray capacitance 
from the circuit board and socket. Cp compensates for the pole caused by 
Cs and the feedback resistor. 

Using the smaller capacitors will give much higher band- 
width with little degradation of transient response. It may be 
necessary in any of the above cases to use a somewhat 
larger feedback capacitor to allow for unexpected stray ca- 
pacitance, or to tolerate additional phase shifts in the loop, 
or excessive capacitive load, or to decrease the noise or 
bandwidth, or simply because the particular circuit imple- 
mentation needs more feedback capacitance to be suffi- 
ciently stable. For example, a printed circuit board’s stray 
capacitance may be larger or smaller than the bread- 
board’s, so the actual optimum value for Cp may be different 
from the one estimated using the breadboard. In most cas- 
es, the value of Cp should be checked on the actual circuit, 
starting with the computed value. 

CAPACITIVE LOAD TOLERANCE 

Like many other op amps, the LMC662 may oscillate when 
its applied load appears capacitive. The threshold of oscilla- 
tion varies both with load and circuit gain. The configuration 
most sensitive to oscillation is a unity-gain follower. See the 
Typical Performance Characteristics. 

The load capacitance interacts with the op amp’s output 
resistance to create an additional pole. If this pole frequen- 
cy is sufficiently low, it will degrade the op amp’s phase 
margin so that the amplifier is no longer stable at low gains. 
As shown in Figure 3a, the addition of a small resistor ( 500, 
to 1 0Ofl) in series with the op amp’s output, and a capacitor 
(5 pF to 10 pF) from inverting input to output pins, returns 
the phase margin to a safe value without interfering with 
lower-frequency circuit operation. Thus, larger values of ca- 
pacitance can be tolerated without oscillation. Note that in 
all cases, the output will ring heavily when the load capaci- 
tance is near the threshold for oscillation. 



FIGURE 3a. Rx, Cx Improve Capacitive Load Tolerance 

Capacitive load driving capability is enhanced by using a pull 
up resistor to V+ (Figure 3b). Typically a pull up resistor 
conducting 500 ju,A or more will significantly improve capaci- 
tive load responses. The value of the pull up resistor must 
be determined based on the current sinking capability of the 
amplifier with respect to the desired output swing. Open 


loop gain of the amplifier can also be affected by the pull up 
resistor (see Electrical Characteristics). 


v+ 



“ TL/H/9763-23 

FIGURE 3b. Compensating for Large Capacitive Loads 
with a Pull Up Resistor 


PRINTED-CIRCUIT-BOARD LAYOUT 
FOR HIGH-IMPEDANCE WORK 


It is generally recognized that any circuit which must oper- 
ate with less than 1 000 pA of leakage current requires spe- 
cial layout of the PC board. When one wishes to take advan- 
tage of the ultra-low bias current of the LMC662, typically 
less than 0.04 pA, it is essential to have an excellent layout. 
Fortunately, the techniques for obtaining low leakages are 
quite simple. First, the user must not ignore the surface 
leakage of the PC board, even though it may sometimes 
appear acceptably low, because under conditions of high 
humidity or dust or contamination, the surface leakage will 
be appreciable. 


To minimize the effect of any surface leakage, lay out a ring 
of foil completely surrounding the LMC662’s inputs and the 
terminals of capacitors, diodes, conductors, resistors, relay 
terminals, etc. connected to the op-amp’s inputs. See Fig- 
ure 4. Jo have a significant effect, guard rings should be 
placed on both the top and bottom of the PC board. This PC 
foil must then be connected to a voltage which is at the 
same voltage as the amplifier inputs, since no leakage cur- 
rent can flow between two points at the same potential. For 
example, a PC board trace-to-pad resistance of 10 12 ft, 
which is normally considered a very large resistance, could 
leak 5 pA if the trace were a 5 V bus adjacent to the pad of 
an input. This would cause a 100 times degradation from 
the LMC662’s actual performance. However, if a guard ring 
is held within 5 mV of the inputs, then even a resistance of 
lOUfl would cause only 0.05 pA of leakage current, or per- 
haps a minor (2:1) degradation of the amplifier’s perform- 
ance. See Figures 5a, 5b, 5c for typical connections of 
guard rings for standard op-amp configurations. If both in- 
puts are active and at high impedance, the guard can be 
tied to ground and still provide some protection; see Figure 



TL/H/9763-16 

FIGURE 4. Example, using the LMC660, 
of Guard Ring in P.C. Board Layout 
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Application Hints (Continued) 


Cl 



(a) Inverting Amplifier 

R2 



(b) Non-Inverting Amplifier 



OUTPUT 


TL/H/9763-19 


R3 



FIGURE 5. Guard Ring Connections 

The designer should be aware that when it is inappropriate 
to lay out a PC board for the sake of just a few circuits, there 
is another technique which is even better than a guard ring 
on a PC board: Don’t insert the amplifier’s input pin into the 
board at all, but bend it up in the air and use only air as an 


insulator. Air is an excellent insulator. In this case you may 
have to forego some of the advantages of PC board con- 
struction, but the advantages are sometimes well worth the 
effort of using point-to-point up-in-the-air wiring. See 
Figure 6. 


FEEDBACK 

CAPACITOR 



(Input pins are lifted out of PC board and soldered directly to components. 
All other pins connected to PC board.) 

FIGURE 6. Air Wiring 


BIAS CURRENT TESTING 

The test method of Figure 7 is appropriate for bench-testing 
bias current with reasonable accuracy. To understand its 
operation, first close switch S2 momentarily. When S2 is 
opened, then 


dVom 

dt 


X C2. 



FIGURE 7. Simple Input Bias Current Test Circuit 

A suitable capacitor for C2 would be a 5 pF or 10 pF silver 
mica, NPO ceramic, or air-dielectric. When determining the 
magnitude of lb~» the leakage of the capacitor and socket 
must be taken into account. Switch S2 should be left short- 
ed most of the time, or else the dielectric absorption of the 
capacitor C2 could cause errors. 

Similarly, if SI is shorted momentarily (while leaving S2 
shorted) 


lb + 


dVouT 

dt 


X (Cl + C x ) 


where C x is the stray capacitance at the + input. 
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Typical Single-Supply Applications (v 4 

Additional single-supply applications ideas can be found in 
the LM358 datasheet. The LMC662 is pin-for-pin compatible 
with the LM358 and offers greater bandwidth and input re- 
sistance over the LM358. These features will improve the 
performance of many existing single-supply applications. 
Note, however, that the supply voltage range of the LM662 
is smaller than that of the LM358. 


: 5.0 V DC ) 


Low-Leakage Sample-and-Hold 


0.1 /x? POLYPROPYLENE 
OR POLYSTYRENE 


Instrumentation Amplifier 



If R-j = R5, R3 = Rg, and R4 = R7; then 
Vqut _ R2 + 2R1 R4 
V| N R2 X R3 

.'. Av ~ 100 for circuit shown. 

For good CMRR over temperature, low drift resistors should 
be used. Matching of R3 to R6 and R4 to R7 affects CMRR. 
Gain may be adjusted through R2. CMRR may be adjusted 
through R7. 

Sine-Wave Oscillator 


1 Hz Square-Wave Oscillator 




ci* _L 

7 

0.068 mF-J” 

^LMC662^>^ 

R1 

R2 

470k 

* R3 470k 


► 470k 


Power Amplifier 



R4 


100k 

, « 

R1 

HI— 

-AAA— *— 

0.1 PL? 

10k | LMC662 

♦5V ◄- 

■AAA— f— + 


R2 


220k , 


Oscillator frequency is determined by R1, R2, Cl, and C2: 

fosc = 1 /2irRC 

where R = R1 = R2 and C = Cl = C2. 

This circuit, as shown, oscillates at 2.0 kHz with a peak-to- 
peak output swing of 4.5V 
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National Semiconductor 


LMC6001 Ultra Ultra-Low Input Current Amplifier 


General Description 

Featuring 100% tested input currents of 25 fA max., low 
operating power, and ESD protection of 2000V, the 
LMC6001 achieves a new industry benchmark for low input 
current operational amplifiers. By tightly controlling the 
molding compound, National is able to offer this ultra-low 
input current in a lower cost molded package. 

To avoid long turn-on settling times common in other low 
input current opamps, the LMC6001A is tested 3 times in 
the first minute of operation. Even units that meet the 25 fA 
limit are rejected if they drift. 

Because of the ultra-low input current noise of 0.13 fA/VHz\ 
the LMC6001 can provide almost noiseless amplification of 
high resistance signal sources. Adding only 1 dB at 1 00 kH, 
0.1 dB at 1 Mtt and 0.01 dB or less from 10 MH to 2,000 
Mft, the LMC6001 is an almost noiseless amplifier. 

The LMC6001 is ideally suited for electrometer applications 
requiring ultra-low input leakage such as sensitive photode- 


tection transimpedance amplifiers and sensor amplifiers. 
Since input referred noise is only 22 nV/VHz*, the LMC6001 
can achieve higher signal to noise ratio than JFET input 
type electrometer amplifiers. Other applications of the 
LMC6001 include long interval integrators, ultra-high input 
impedance instrumentation amplifiers, and sensitive electri- 
cal-field measurement circuits. 

Features (Max limit, 25°C unless otherwise noted) 

■ Input current (100% tested) 25 fA 

■ Input current over temp. 2 pA 

■ Low power 750 ju,A 

■ Low Vos 350 jmV 

■ Low noise 22nV/VHF @1 kHz Typ. 

Applications 

■ Electrometer amplifier 

■ Photodiode preamplifier 

■ Ion detector 

■ A.T.E. leakage testing 


Connection Diagrams 


8-Pin DIP 



8-Pin Metal Can 

CAN 



Top View 


Ordering information 


Package 

Industrial Temperature Range 
— 40°C to + 85°C 

NSC Package 
Drawing 

8-Pin 

Molded DIP 

LMC6001AIN, LMC6001BIN, 
LMC6001CIN 

N08E 

8-Pin 

Metal Can 

LMC6001 AIH, LMC6001BIH 

H08C 



I 
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Absolute Maximum Ratings (Note n 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Differential Input Voltage ± Supply Voltage 

Voltage at Input/Output Pin (V+) 4- 0.3V, (V~) : - 0.3V 
Supply Voltage (V+ - V~) - 0.3V to + 1 6V 

Output Short Circuit to V + (Notes 2, 1 0) 

Output Short Circuit to V” (Note 2) 

Lead Temperature (Soldering, 1 0 Sec.) 260°C 

Storage T emperature - 65°C to + 1 50°C 

Junction Temperature 150°C 

Current at I nput Pin ± 1 0 m A 


DC Electrical Characteristics 


Limits in standard typeface guaranteed for Tj = 25°C and limits in boldface type apply at the temperature extremes. Unless 
otherwise specified, V+ = 5V, V - = 0V, Vqm = 1.5V, and R[_ > 1M. 


Symbol 

Parameter 

Conditions 

Typical 

Limits (Note 5) 

Units 

(Note 4) 

LMC6001AI 

LMC6001BI 

LMC6001CI 




•b 

Input Current 

Either Input, Vqm = 0V, 

10 

25 

100 

1000 




V s = ±5V 

2000 

4000 

4000 

fA 

•os 

Input Offset Current 


5 

1000 

2000 

2000 


Vos 

Input Offset Voltage 



0.35 

1.0 

1.0 






1.0 

1.7 

2.0 

mV 










V S = ±5V,V C m = 0V 


0.7 

1.35 

1.35 

I 





1.35 

2.0 




TCV 0S 

Input Offset 

Voltage Drift 


2.5 

10 

10 


nV/°C 

Rin 

Input Resistance 


>1 




Terafl 

CMRR 

Common Mode 

0V ^ V C m ^ 7.5V 

83 

75 

72 

66 



Rejection Ratio 

V+ = 10V 

72 

68 

63 


+ PSRR 

Positive Power Supply 

5V^ V+ ^ 15V 

83 

73 

66 

66 

dB 


Rejection Ratio 


70 

63 

63 

min 

— PSRR 

Negative Power Supply 

ov^ v- ^ -10V 

94 

80 

74 

74 



Rejection Ratio 


77 

71 

71 


A V 

Large Signal 

Sourcing, Rl = 2 kfl 


400 

300 

300 



Voltage Gain 

(Note 6) 

300 

200 

200 

V/mV 



Sinking, Rl = 2 kn 


180 

90 

90 

min 



(Note 6) 

100 

60 

60 



Current at Output Pin ,±30mA 

Current at Power Supply Pin 40 mA 

Power Dissipation (Note 3) 

ESD Tolerance (Note 9) 2kV 


Operating Ratings (Note d 

Temperature Range 
LMC6001AI, LMC6001BI, LMC6001CI 
— 40°C ^ Tj ^ + 85°C 

Supply Voltage 4.5V ^ V+ ^ 15.5V 

Thermal Resistance (Note 11) 

0JA» N Package 100°C/W 

0ja, H Package 145°C/W 

0j C , H Package 45°C/W 

Power Dissipation (Note 8) 
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DC Electrical Characteristics 

Limits in standard typeface guaranteed for Tj = 25°C and limits in boldface type apply at the temperature extremes. Unless 
otherwise specified, V+ = 5V, V - = OV, Vcm = 1.5V, and R|_ > 1M. (Continued) 


Symbol 

Parameter 

Conditions 

Typical 
(Note 4) 

Limits (Note 5) 

Units 

LM6001AI 

LM6001BI 

LM6001CI 

Vcm 

Input Common-Mode Voltage 

V+ = 5V and 15V 

-0.4 

-0.1 

-0.1 

-0.1 

V 



For CMRR ;> 60 dB 


O 

0 

0 

max 





fjSSEQ 


00 

c\i 

1 

+ 

> 

V 







V+ - 2.5 

min 

v 0 

Output Swing 

V+ = 5V 

4 87 

4.80 

4.75 

4.75 

V 



R L = 2 kH to 2.5V 


4.73 

4.67 

4.67 

min 




n in 

0.14 

0.20 

0.20 

V 





0.17 

0.24 

0.24 

max 



V+ = 15V 


14.50 

14.37 

14.37 

V 



R L = 2 kH to 7.5V 


14.34 

14.25 

14.25 

min 




n or 

0.35 

0.44 

0.44 

V 




KJ.c.'O 

0.45 

0.56 

0.56 

max 

to 

Output Current 

Sourcing, V+ = 5V, V 0 = 0V 

22 

16 

13 

13 






10 

8 

8 




Sinking, V+ = 5V, V 0 = 5V 

21 

16 

13 

13 






13 

10 

10 

mA 



Sourcing, V+ = 15V, V 0 = OV 

30 

28 

23 

23 

min 





22 

18 

18 




Sinking, V+ = 15V, V 0 = 13V 

34 

28 

23 

23 




(Note 1 0) 


22 

18 

18 


to 

Supply Current 

V+ = 5V, V 0 = 1.5V 

450 

750 

750 

750 






900 

900 

900 

fJL A 



V+ = 15V, V 0 = 7.5V 

ccn 

850 

850 

850 

max 




OQU 

950 

950 

950 
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AC Electrical Characteristics 

Limits in standard typeface guaranteed for Tj = 25°C and limits in boldface type apply at the temperature extremes. Unless 
otherwise specified, V+ = 5V, V~ = OV, Vqm = 1.5V and Ri_ > 1M. 


Symbol 

Parameter 

Conditions 

Typical 

Limits (Note 5) 

Units 

(Note 4) 



LM6001CI 





SR 

Slew Rate 

(Note 7) 

1.5 

0.8 

0.8 

0.8 

V/jLtS 





0.6 

0.6 

0.6 

min 

GBW 

Gain-Bandwidth Product 


1.3 




MHz 


Phase Margin 


50 




Deg 

g m 

Gain Margin 


17 




dB 

e n 

Input-Referred Voltage Noise 


22 




nV/l/Hz 

■n 

Input-Referred Current Noise 

F = 1 kHz 

0.13 




fA/l/Hz 

THD 

Total Harmonic Distortion 

F = 1 0 kHz, Ay = -10, 

R l = 100 kH, V 0 = 8 V PP 

0.01 




% 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 

Note 2: Applies to both single supply and split supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. Output currents in excess of ±30 mA over long term may adversely affect reliability. 

Note 3: The maximum power dissipation is a function of Tj( maX ), 0j A , and T A . The maximum allowable power dissipation at any ambient temperature is 
Pd = (Tj(max) “ T A )/0j A . 

Note 4: Typical values represent the most likely parametric norm. 

Note 5: All limits are guaranteed by testing or statistical analysis. 

Note 6: V+ = 15V, V C m = 7.5V and R L connected to 7.5V. For Sourcing tests, 7.5V <; V 0 ^ 1 1.5V. For Sinking tests, 2.5V <; V 0 £ 7.5V. 

Note 7: V+ = 15V. Connected as Voltage Follower with 10V step input. Limit specified is the lower of the positive and negative slew rates. 

Note 8: For operating at elevated temperatures the device must be derated based on the thermal resistance 0j A with Pq = (Tj - T A )/0j A . 

Note 9: Human body model, 1.5 kft in series with 100 pF. 

Note 10: Do not connect the output to V+, when V+ is greater than 13V or reliability will be adversely affected. 

Note 11: All numbers apply for packages soldered directly into a printed circuit board. 
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Typical Performance Characteristics Vs = ±7.5V, Ta = 25°C, unless otherwise specified 


Input Current 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Input Current 



-5 -4-3-2-10 1 2 3 

COMMON-MODE VOLTAGE (V) 


Supply Current 



0 2 4 6 8 10 12 14 16 

TOTAL SUPPLY VOLTAGE (V) 


Input Voltage 



-10 -8 -6 -4 -2 0 2 4 6 8 10 


Common Mode Rejection 



10 100 Ik 10k 100k 


Power Supply Rejection 



1 10 100 Ik 10k 100k 


OUTPUT VOLTAGE (V) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


Input Voltage Noise 
vs Frequency 

120 i 1 1 1 1 r 


100 



o I I I I I I 1 

10 100 Ik 10k 

FREQUENCY (Hz) 


Output Characteristics 



Noise Figure 
vs Source Resistance 



10 3 10 5 10 7 10 9 10 11 10 13 


Output Characteristics 
Sourcing Current 



SOURCE RESISTANCE ( jfl ) 


OUTPUT SOURCE CURRENT (mA) 


Gain and Phase Response 
vs Temperature 



Ik 10k 100k 1M 10M 


Gain and Phase 
Response vs Capacitive Load 
with R|_ — 500 kH 



OUTPUT SINK CURRENT (mA) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 

TL/H/ 11887-3 
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OPEN LOOP VOLTAGE GAIN (dB) 





Applications Hints 

AMPLIFIER TOPOLOGY 

The LMC6001 incorporates a novel op-amp design topology 
that enables it to maintain rail-to-rail output swing even 
when driving a large load. Instead of relying on a push-pull 
unity gain output buffer stage, the output stage is taken di- 
rectly from the internal integrator, which provides both low 
output impedance and large gain. Special feed-forward 
compensation design techniques are incorporated to main- 
tain stability over a wider range of operating conditions than 
traditional op-amps. These features make the LMC6001 
both easier to design with, and provide higher speed than 
products typically found in this low power class. 

COMPENSATING FOR INPUT CAPACITANCE 

It is quite common to use large values of feedback resist- 
ance for amplifiers with ultra-low input current, like the 
LMC6001 . 

Although the LMC6001 is highly stable over a wide range of 
operating conditions, certain precautions must be met to 
achieve the desired pulse response when a large feedback 
resistor is used. Large feedback resistors with even small 
values of input capacitance, due to transducers, photodi- 
odes, and circuit board parasitics, reduce phase margins. 
When high input impedances are demanded, guarding of 
the LMC6001 is suggested. Guarding input lines will not only 
reduce leakage, but lowers stray input capacitance as well. 
(See Printed-Circuit-Board Layout for High impedance 
Work). 

The effect of input capacitance can be compensated for by 
adding a capacitor, Cf, around the feedback resistors (as in 
Figure 1 ) such that: 

1 1 
27tR-|C|n 2 w R2Cf 

or 

Ri C| N £ R 2 C f 

Since it is often difficult to know the exact value of Cin, Cf 
can be experimentally adjusted so that the desired pulse 
response is achieved. Refer to the LMC660 and LMC662 for 
a more detailed discussion on compensating for input ca- 
pacitance. 


c f 



FIGURE 1. Cancelling the Effect of Input Capacitance 
CAPACITIVE LOAD TOLERANCE 

All rail-to-rail output swing operational amplifiers have volt- 
age gain in the output stage. A compensation capacitor is 
normally included in this integrator stage. The frequency lo- 
cation of the dominant pole is affected by the resistive load 
on the amplifier. Capacitive load driving capability can be 
optimized by using an appropriate resistive load in parallel 
with the capacitive load (see Typical Curves). 


Direct capacitive loading will reduce the phase margin of 
many op-amps. A pole in the feedback loop is created by 
the combination of the op-amp’s output impedance and the 
capacitive load. This pole induces phase lag at the unity- 
gain crossover frequency of the amplifier resulting in either 
an oscillatory or underdamped pulse response. With a few 
external components, op amps can easily indirectly drive 
capacitive loads, as shown in Figure 2a. 

+v 



TL/H/ 11887-6 

FIGURE 2a. LMC6001 Noninverting Gain of 10 Amplifier, 
Compensated to Handle Capacitive Loads 

In the circuit of Figure 2a, RI and Cl serve to counteract 
the loss of phase margin by feeding the high frequency 
component of the output signal back to the amplifier’s in- 
verting input, thereby preserving phase margin in the overall 
feedback loop. 

Capacitive load driving capability is enhanced by using a 
pullup resistor to V+ (Figure 2b). Typically a pullup resistor 
conducting 500 j uA or more will significantly improve capaci- 
tive load responses. The value of the pullup resistor must be 
determined based on the current sinking capability of the 
amplifier with respect to the desired output swing. Open 
loop gain of the amplifier can also be affected by the pullup 
resistor (see Electrical Characteristics). 


v+ 



“ TL/H/1 1887-7 

FIGURE 2b. Compensating for Large Capacitive 
Loads with a Pullup Resistor 

PRINTED-CIRCUIT-BOARD LAYOUT 
FOR HIGH-IMPEDANCE WORK 

It is generally recognized that any circuit which must oper- 
ate with less than 1 000 pA of leakage current requires spe- 
cial layout of the PC board. When one wishes to take advan- 
tage of the ultra-low bias current of the LMC6001 , typically 
less than 1 0 f A, it is essential to have an excellent layout. 
Fortunately, the techniques of obtaining low leakages are 
quite simple. First, the user must not ignore the surface 
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Applications Hints (Continued) 

leakage of the PC board, even though it may sometimes 
appear acceptably low, because under conditions of high 
humidity or dust or contamination, the surface leakage will 
be appreciable. 

To minimize the effect of any surface leakage, lay out a ring 
of foil completely surrounding the LMC6001 ’s inputs and the 
terminals of capacitors, diodes, conductors, resistors, relay 
terminals, etc., connected to the op-amp’s inputs, as in Fig- 
ure 3. To have a significant effect, guard rings should be 
placed on both the top and bottom of the PC board. This PC 
foil must then be connected to a voltage which is at the 
same voltage as the amplifier inputs, since no leakage cur- 
rent can flow between two points at the same potential. For 
example, a PC board trace-to-pad resistance of 10 12 n, 
which is normally considered a very large resistance, could 
leak 5 pA if the trace were a 5V bus adjacent to the pad of 
the input. 

This would cause a 500 times degradation from the 
LMC6001’s actual performance. If a guard ring is used and 
held within 1 mV of the inputs, then the same resistance of 
10 12 fl will only cause 10 fA of leakage current. Even this 
small amount of leakage will degrade the extremely low in- 
put current performance of the LMC6001. See Figures 4a, 
4b, 4c for typical connections of guard rings for standard op- 
amp configurations. 




TL/H/1 1887-8 

FIGURE 3. Examples of Guard 
Ring in PC Board Layout 


ci 
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(a) Inverting Amplifier 


R2 




TL/H/1 1887-11 

(c) Follower 

FIGURE 4. Typical Connections of Guard Rings 

The designer should be aware that when it is inappropriate 
to lay out a PC board for the sake of just a few circuits, there 
is another technique which is even better than a guard ring 
on a PC board: Don’t insert the amplifier’s input pin into the 
board at all, but bend it up in the air and use only air as an 
insulator. Air is an excellent insulator. In this case you may 
have to forego some of the advantages of PC board con- 
struction, but the advantages are sometimes well worth 
the effort of using point-to-point up-in-the-air wiring. See 
Figure 5. 


FEEDBACK 

CAPACITOR 



(Input pins are lifted out of PC board and soldered directly to components. 
All other pins connected to PC board). 

FIGURE 5. Air Wiring 

Another potential source of leakage that might be over- 
looked is the device package. When the LMC6001 is manu- 
factured, the device is always handled with conductive fin- 
ger cots. This is to assure that salts and skin oils do not 
cause leakage paths on the surface of the package. We 
recommend that these same precautions be adhered to, 
during all phases of inspection, test and assembly. 
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Latchup 

CMOS devices tend to be susceptible to latchup due to their 
internal parasitic SCR effects. The (I/O) input and output 
pins look similar to the gate of the SCR. There is a minimum 
current required to trigger the SCR gate lead. The LMC6001 
is designed to withstand 100 mA surge current on the I/O 
pins. Some resistive method should be used to isolate any 
capacitance from supplying excess current to the I/O pins. 
In addition, like an SCR, there is a minimum holding current 
for any latchup mode. Limiting current to the supply pins will 
also inhibit latchup susceptibility. 

Typical Applications 

The extremely high input resistance, and low power con- 
sumption, of the LMC6001 make it ideal for applications that 
require battery-powered instrumentation amplifiers. Exam- 
ples of these types of applications are hand-held pH probes, 
analytic medical instruments, electrostatic field detectors 
and gas chromotographs. 

Two Opamp, Temperature 
Compensated pH Probe Amplifier 

The signal from a pH probe has a typical resistance be- 
tween 10 MH and 1000 MU. Because of this high value, it is 
very important that the amplifier input currents be as small 
as possible. The LMC6001 with less than 25 fA input current 
is an ideal choice for this application. 

The theoretical output of the standard Ag/AgCI pH probe is 
59.16 mV/pH at 25°C with 0V out at a pH of 7.00. This 
output is proportional to absolute temperature. To compen- 
sate for this, a temperature compensating resistor, R1, is 


placed in the feedback loop. This cancels the temperature 
dependence of the probe. This resistor must be mounted 
where it will be at the same temperature as the liquid being 
measured. 

The LMC6001 amplifies the probe output providing a scaled 
voltage of ±100 mV/pH from a pH of 7. The second 
opamp, a micropower LMC6041 provides phase inversion 
and offset so that the output is directly proportional to pH, 
over the full range of the probe. The pH reading can now be 
directly displayed on a low cost, low power digital panel 
meter. Total current consumption will be about 1 mA for the 
whole system. 

The micropower dual operational amplifier, LMC6042, would 
optimize power consumption but not offer these advan- 
tages: 

1 . The LMC6001 A guarantees a 25 fA limit on input current 
at 25°C. 

2. The input ESD protection diodes in the LMC6042 are only 
rated at 500V while the LMC6001 has much more robust 
protection that is rated at 2000V. 

The setup and calibration is simple with no interactions to 
cause problems. 

1 . Disconnect the pH probe and with R3 set to about mid- 
range and the noninverting input of the LMC6001 ground- 
ed, adjust R8 until the output is 700 mV. 

2. Apply -414.1 mV to the noninverting input of the 
LMC6001. Adjust R3 for and output of 1400 mV. This 
completes the calibration. As real pH probes may not per- 
form exactly to theory, minor gain and offset adjustments 
should be made by trimming while measuring a precision 
buffer solution. 


R1 100k + 3500 ppm/°C* 

R2 68.1k 

R3, 8 5k 

R4, 9 100k 

R5 36.5k 

R6 619k 

R7 97.6k 

D1 LM4040D1Z-2.5 
Cl 2.2 jaF 


Cl 



TL/H/11887-15 


*(Micro-ohm style 144 or similar) 
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Ultra-Low Input Current Instrumentation Amplifier 


Figure 7 shows an instrumentation amplifier that features 
high differential and common mode input resistance 
(>10 14 ft), 0.01% gain accuracy at Ay = 1000, excellent 
CMRR with 1 Mft imbalance in source resistance. Input cur- 
rent is less than 20 fA and offset drift is less than 2.5 ju,V/°C. 


R 2 provides a simple means of adjusting gain over a wide 
range without degrading CMRR. R j is an initial trim used to 
maximize CMRR without using super precision matched re- 
sistors. For good CMRR over temperature, low drift resistors 
should be used. 



TL/H/1 1887-13 

If R-i = R5, R3 = R6, and R 4 = R 7 ; then 

Vqut R 2 + 2 Rj x R 4 
Vin R2 R3 

.’.Av ~ 100 for circuit shown (R2 = 9.85k). 

FIGURE 7. Instrumentation Amplifier 
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Low Power CMOS Dual Operational Amplifier 


General Description 

The LMC6022 is a CMOS dual operational amplifier which 
can operate from either a single supply or dual supplies. Its 
performance features include an input common-mode range 
that reaches V~, low input bias current, and voltage gain 
(into 100k and 5 kft loads) that is equal to or better than 
widely accepted bipolar equivalents, while the power supply 
requirement is less than 0.5 mW. 

This chip is built with National’s advanced Double-Poly Sili- 
con-Gate CMOS process. 

See the LMC6024 datasheet for a CMOS quad operational 
amplifier with these same features. 

Features 

■ Specified for 1 00 kft and 5 kfi loads 

■ High voltage gain 120 dB 

■ Low offset voltage drift 2.5 /xV/°C 

■ Ultra low input bias current 40 fA 


■ Input common-mode range includes V - 

■ Operating range from + 5V to + 1 5V supply 

■ Low distortion 0.01 % at 1 kHz 

■ Slew rate 0.11 V/jms 

■ Micropower operation 0.5 mW 

Applications 

■ High-impedance buffer or preamplifier 

■ Current-to-voltage converter 

■ Long-term integrator 

■ Sample-and-hold circuit 

■ Peak detector 

■ Medical instrumentation 

■ Industrial controls 


Connection Diagram 


Ordering Information 


8-Pin DIP/SO 


INVERTING INPUT A 


NON-INVERTING INPUT A 



INVERTING INPUT I 


NON-INVERTING INPUT I 


Top View 


Temperature Range 



Industrial 

— 40°C <; Tj ^ + 85°C 

Package 

WOU 

Drawing 

LMC6022IN 

8-Pin 

Molded DIP 

N08E 

LMC6022IM 

8-Pin 

M08A 


Small Outline 


Transport 

Media 


Rail 

Tape and Reel 
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Absolute Maximum Ratings (Note n 

Differential Input Voltage ± Supply Voltage 

Supply Voltage (V + - V - ) 16V 

Lead T emperature (Soldering, 1 0 sec.) 260°C 

Storage T emperature Range - 65°C to + 1 50°C 

Junction Temperature 1 50°C 

ESD T olerance (Note 4) 1 000V 

Voltage at Output/input Pin (V+) +0.3V, (V~) -0.3V 
Current at Output Pin ± 1 8 mA 

Current at Power Supply Pin 35 mA 

Power Dissipation (Note 3) 


Current at Input Pin 
Output Short Circuit to V~ 
Output Short Circuit to V + 


(Note 2) 
(Note 12) 


(Note 3) 


Operating Ratings 

Temperature Range -40°C ^ Tj ^ + 85°C 

Supply Voltage Range 4.75V to 1 5.5V 

Power Dissipation (Note 10) 

Thermal Resistance (0ja), (Note il) 


8-Pin DIP 
8-Pin SO 


DC Electrical Characteristics 

The following specifications apply for V+ = 5V, V~ = 0V, Vqm = 1.5V, Vq = 2.5V, and R|_ 
Boldface limits apply at the temperature extremes; all other limits Tj = 25°C. 


101°C/W 

165°C/W 


1 M unless otherwise noted. 


Conditions 


Typical 
(Note 5) 


LMC6022I 
Limit 
(Note 6) 


Input Offset Voltage 


A Vos/ AT 


Input Offset Voltage 
Average Drift 


Input Bias Current 


Input Offset Current 

Input Resistance 

Common Mode 
Rejection Ratio 


Positive Power Supply 
Rejection Ratio 


Negative Power Supply 
Rejection Ratio 

Input Common-Mode 
Voltage Range 


Large Signal 
Voltage Gain 



0V <; V- £ -10V 

V+ = 5V&15V 
For CMRR ;> 50 dB 


R L = 100kn (Note 7) 
Sourcing 

Sinking 


V+ - 1.9 


V+ - 2.3 

V+ - 2.5 


R l = 5 kH (Note 7) 
Sourcing 
























DC Electrical Characteristics (Continued) 

The following specifications apply for V+ = 5V, V~ = OV, Vcm = 1-5V, Vo = 2.5V, and R|_ 
Boldface limits apply at the temperature extremes; all other limits Tj = 25°C. 


Symbol 


Output Voltage Swing 


Conditions 

V+ = 5V 

R l = 100 to 2.5V 


Typical 
(Note 5) 


= 1 M unless otherwise noted. 

LMC6022I 

Limit Units 

(Note 6) 


V+ = 5V 

R l = 5 kil to 2.5V 


V+ = 15V 

R L = 100 kn to 7.5V 


V+ = 15V 

R L = 5 kfl to 7.5V 


Output Current 


V+ = 5V 
Sourcing, Vq = 0V 

Sinking, Vq = 5V 
(Note 2) 

V+ = 15V 
Sourcing, Vq = 0V 

Sinking, Vq = 13V 
(Note 12) 


Supply Current 

Both Amplifiers 


V 0 = 1.5V 



LMC6022 
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AC Electrical Characteristics 

The following specifications apply for V+ = 5V, V - = OV, Vcm = 1.5V, Vo = 2.5V, and R|_ = 1M unless other otherwise 
noted. Boldface limits apply at the temperature extremes; all other limits Tj = 25°C. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 5) 

LMC6022I 
Limit 
(Note 6) 

Units 

SR 

Slew Rate 


0.11 

0.05 

0.03 

V/jLtS 

min 


Gain-Bandwidth Product 


0.35 


MHz 

<f>M 

Phase Margin 


50 


Deg 

Gm 

Gain Margin 


17 


dB 


Amp-to-Amp Isolation 

(Note 9) 

130 


dB 

e n 

Input-Referred Voltage Noise 

F = 1 kHz 

42 


nVA/iHz 

•n 

Input-Referred Current Noise 

F = 1 kHz 

0.0002 


pA/>/Hz 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to component may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 

Note 2: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature and/or multiple Op Amp shorts 
can result in exceeding the maximum allowed junction temperature of 150°C. Output currents in excess of ±30 mA over long term may adversely affect reliability. 
Note 3: The maximum power dissipation is a function of Tj( max ), 0 ja and Ta- The maximum allowable power dissipation at any ambient temperature is Pq = 
(Tj(max) — T A )/0 JA . 

Note 4: Human body model, 100 pF discharged through a 1.5 kfl resistor. 

Note 5: Typical values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or correlation. 

Note 7: V+ = 15V, V C m = 7.5 V, and R L connected to 7.5V. For Sourcing tests, 7.5V <; V 0 £ 11.5V. For Sinking tests, 2.5 V £ V 0 £ 7.5V. 

Note 8: V+ = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 

Note 9: Input referred. V+ = 15V and Rl = 100 kfl connected to 7.5V. Each amp excited in turn with 1 kHz to produce Vq = 13 Vpp. 

Note 10: For operating at elevated temperatures the device must be derated based on the thermal resistance 0 ja with Pq = (Tj-Ta)/0ja- 
Note 11: All numbers apply for packages soldered directly into a PC board. 

Note 12: Do not connect output to V+ when V+ is greater than 13V or reliability may be adversely affected. 
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Typical Performance Characteristics Vs = ±7.5V, Ta = 25°C unless otherwise specified 
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Typical Performance Characteristics Vs = ± 7.5V, Ta = 25°C unless otherwise specified (Continued) 


Open-Loop Voltage Gain 
vs Temperature 



Open-Loop 
Frequency Response 
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Typical Performance Characteristics v s = ± 7.sv,t a = 25°c (continued) 



-tO -O.t -0.001 0.001 0.1 10 

-1 -0.01 0 0.01 1 
SINKING SOURCING 

LOAD CURRENT (mA) 

TL/H/1 1236-4 

Note: Avoid resistive loads of less than 500ft, as they may cause instability. 


Stability vs Capacitive Load 
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Application Hints 

AMPLIFIER TOPOLOGY 

The topology chosen for the LMC6022 is unconventional 
(compared to general-purpose op amps) in that the tradi- 
tional unity-gain buffer output stage is not used; instead, the 
output is taken directly from the output of the integrator, to 
allow rail-to-rail output swing. Since the buffer traditionally 
delivers the power to the load, while maintaining high op 
amp gain and stability, and must withstand shorts to either 
rail, these tasks now fall to the integrator. 

As a result of these demands, the integrator is a compound 
affair with an embedded gain stage that is doubly fed for- 
ward (via Cf and Cff) by a dedicated unity-gain compensa- 
tion driver. In addition, the output portion of the integrator is 
a push-pull configuration for delivering heavy loads. While 
sinking current the whole amplifier path consists of three 
gain stages with one stage fed forward, whereas while 
sourcing the path contains four gain stages with two fed 
forward. 



FIGURE 1. LMC6022 Circuit Topology (Each Amplifier) 


The large signal voltage gain while sourcing is comparable 
to traditional bipolar op amps for load resistance of at least 
5 kft. The gain while sinking is higher than most CMOS op 
amps, due to the additional gain stage; however, when driv- 
ing load resistance of 5 kft or less, the gain will be reduced 
as indicated in the Electrical Characteristics. The op amp 
can drive load resistance as low as 500ft without instability. 

COMPENSATING INPUT CAPACITANCE 

Refer to the LMC660 or LMC662 datasheets to determine 
whether or not a feedback capacitor will be necessary for 
compensation and what the value of that capacitor would 
be. 

CAPACITIVE LOAD TOLERANCE 

Like many other op amps, the LMC6022 may oscillate when 
its applied load appears capacitive. The threshold of oscilla- 
tion varies both with load and circuit gain. The configuration 
most sensitive to oscillation is a unity-gain follower. See the 
Typical Performance Characteristics. 

The load capacitance interacts with the op amp’s output 
resistance to create an additional pole. If this pole frequen- 
cy is sufficiently low, it will degrade the op amp’s phase 
margin so that the amplifier is no longer stable at low gains. 
The addition of a small resistor (50ft to 100ft) in series with 
the op amp’s output, and a capacitor (5 pF to 10 pF) from 
inverting input to output pins, returns the phase margin to a 
safe value without interfering with lower-frequency circuit 
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Application Hints (Continued) 

operation. Thus, larger values of capacitance can be tolerat- 
ed without oscillation. Note that in all cases, the output will 
ring heavily when the load capacitance is near the threshold 
for oscillation. 


100 kfll 



FIGURE 2a. Rx, Cx Improve Capacitive Load Tolerance 

Capacitive load driving capability is enhanced by using a pull 
up resistor to V+ {Figure 2b). Typically a pull up resistor 
conducting 50 jutA or more will significantly improve capaci- 
tive load responses. The value of the pull up resistor must 
be determined based on the current sinking capability of the 
amplifier with respect to the desired output swing. Open 
loop gain of the amplifier can also be affected by the pull up 
resistor (see Electrical Characteristics). 


v+ 



“ TL/H/1 1236-26 

FIGURE 2b. Compensating for Large 
Capacitive Loads with a Pull Up Resistor 


PRINTED-CIRCUIT-BOARD LAYOUT 
FOR HIGH-IMPEDANCE WORK 

It is generally recognized that any circuit which must oper- 
ate with less than 1 000 pA of leakage current requires spe- 
cial layout of the PC board. When one wishes to take advan- 
tage of the ultra-low bias current of the LMC6022, typically 
less than 0.04 pA, it is essential to have an excellent layout. 
Fortunately, the techniques for obtaining low leakages are 
quite simple. First, the user must not ignore the surface 
leakage of the PC board, even though it may sometimes 
appear acceptably low, because under conditions of high 
humidity or dust or contamination, the surface leakage will 
be appreciable. 

To minimize the effect of any surface leakage, lay out a ring 
of foil completely surrounding the LMC6022’s inputs and the 
terminals of capacitors, diodes, conductors, resistors, relay 
terminals, etc. connected to the op-amp’s inputs. See Fig - 
ure 3. To have a significant effect, guard rings should be 
placed on both the top and bottom of the PC board. This PC 
foil must then be connected to a voltage which is at the 
same voltage as the amplifier inputs, since no leakage cur- 
rent can flow between two points at the same potential. For 
example, a PC board trace-to-pad resistance of 10 12 ft, 
which is normally considered a very large resistance, could 
leak 5 pA if the trace were a 5V bus adjacent to the pad of 
an input. This would cause a 100 times degradation from 
the LMC6022’s actual performance. However, if a guard 
ring is held within 5 mV of the inputs, then even a resistance 
of 10iin would cause only 0.05 pA of leakage current, or 
perhaps a minor (2:1) degradation of the amplifier’s per- 
formance. See Figures 4a, 4b, 4c for typical connections of 
guard rings for standard op-amp configurations. If both in- 
puts are active and at high impedance, the guard can be 
tied to ground and still provide some protection; see 
Figure 4d. 



FIGURE 3. Example of Guard Ring in P.C. Board Layout (Using the LMC6024) 
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Application Hints (Continued) 



R2 



(a) Inverting Amplifier 


(b) Non-Inverting Amplifier 


INPUT 



OUTPUT 


TL/H/ 11236-11 


(c) Follower 



FIGURE 4. Guard Ring Connections 


The designer should be aware that when it is inappropriate 
to lay out a PC board for the sake of just a few circuits, there 
is another technique which is even better than a guard ring 
on a PC board: Don’t insert the amplifier’s input pin into the 
board at all, but bend it up in the air and use only air as an 
insulator. Air is an excellent insulator. In this case you may 
have to forego some of the advantages of PC board con- 
struction, but the advantages are sometimes well worth the 
effort of using point-to-point up-in-the-air wiring. See 
Figure 5. 

FEEDBACK 

CAPACITOR 


BIAS CURRENT TESTING 

The test method of Figure 6 is appropriate for bench-testing 
bias current with reasonable accuracy. To understand its 
operation, first close switch S2 momentarily. When S2 is 
opened, then 

dVom s 


I- = . 


dt 


■ X C2. 



(Input pins are lifted out of PC board and soldered directly to components. 
All other pins connected to PC board.) 

FIGURE 5. Air Wiring 
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Application Hints (Continued) 

A suitable capacitor for C2 would be a 5 pF or 1 0 pF silver 
mica, NPO ceramic, or air-dielectric. When determining the 
magnitude of I - , the leakage of the capacitor and socket 
must be taken into account. Switch S2 should be left short- 
ed most of the time, or else the dielectric absorption of the 
capacitor C2 could cause errors. 


Similarly, if SI is shorted momentarily (while leaving S2 
shorted) 

l+ = ^dr x(C1 + Cx) 

where C x is the stray capacitance at the + input. 


Typical Single-Supply Applications tv+ = 5.0 v DC ) 


Photodiode Current-to-Voltage Converter 

+5V 


Micropower Current Source 

LM385 (1.2V) 


— II 

1 PF 


R3 

R1 

. AAA 

100M 

— 100k 

^ LMC602^-h 

V 0UT , 


JOUT 




Note: A 5V bias on the photodiode can cut its capacitance by a factor of 2 or 
3, leading to improved response and lower noise. However, this bias on the 
photodiode will cause photodiode leakage (also known as its dark current). 


1.5V TO 2.4V 'OUT* 1 ^ 

TL/H/1 1236-16 

(Upper limit of output range dictated by input common-mode range; lower 
limit dictated by minimum current requirement of LM385.) 


Low-Leakage Sample-and-Hold 


0.1 jjlF POLYPROPYLENE 
I OR POLYSTYRENE 


Instrumentation Amplifier 



If R1 = R5, R3 = R6, and R4 - R7; 

ThBn Mr.SiliSl x Sf 

V|n R2 R3 

.". Ay ~ 100 for circuit shown 
For good CMRR over temperature, low drift resis- 
tors should be used. Matching of R3 to R6 and 
R4 to R7 affects CMRR. Gain may be adjusted 
through R2. CMRR may be adjusted through R7. 
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N a tional 


Semiconductor 


LMC6024 

Low Power CMOS Quad Operational Amplifier 


General Description 

The LMC6024 is a CMOS quad operational amplifier which 
can operate from either a single supply or dual supplies. Its 
performance features include an input common-mode range 
that reaches V~, low input bias current and voltage gain 
(into 100 kll and 5 kft loads) that is equal to or better than 
widely accepted bipolar equivalents, while the power supply 
requirement is less than 1 mW. 

This chip is built with National’s advanced Double-Poly Sili- 
con-Gate CMOS process. 

See the LMC6022 datasheet for a CMOS dual operational 
amplifier with these same features. 

Features 

■ Specified for 100 kfl and 5 kfi loads 

■ High voltage gain 120 dB 


■ Low offset voltage drift 2.5 jmV/°C 

■ Ultra low input bias current 40 fA 

■ Input common-mode range includes V~ 

■ Operating range from + 5V to + 1 5V supply 

■ Low distortion 0.01 % at 1 kHz 

■ Slew rate 0.11 V/jlis 

■ Micropower operation 1 mW 

Applications 

■ High-impedance buffer or preamplifier 

■ Current-to-voltage converter 

■ Long-term integrator 

■ Sample-and-hold circuit 

■ Peak detector 

■ Medical instrumentation 

■ Industrial controls 


Connection Diagram 


14-Pin DIP/SO 



OUTPUT 4 
INVERTING INPUT 4 
NON-INVERTING INPUT 4 
V- 

N0N— INVERTING INPUT 3 
INVERTING INPUT 3 
OUTPUT 3 


TL/H/1 1235-1 


Ordering information 


Temperature Range 

Package 

NSC 

Drawing 

Transport 

Media 

Industrial 

— 40°C £ Tj £ +85°C 

LMC6024IN 

14-Pin 

Molded DIP 

N14A 

Rail 

LMC6024IM 

14-Pin 

Small Outline 

M14A 

Rail 

Tape and Reel 


j 


1 
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Absolute Maximum Ratings (Note d 



If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Junction Temperature 

ESD Tolerance (Note 4) 

Power Dissipation 

150°C 

1000V 
(Note 3) 

Differential Input Voltage 

± Supply Voltage 

Supply Voltage (V+ -V - ) 

16V 

Operating Ratings 


Lead Temperature (Soldering, 10 sec.) 260°C 

Temperature Range 

l -40°C ^ Tj ^ +85°C 

Storage Temperature Range 

— 65°C to + 1 50°C 

Supply Voltage Range 

4.75V to 15.5V 

Voltage at Output/Input Pin 

(V+) + 0.3V, (V~) — 0.3V 

Power Dissipation 

(Note 10) 

Current at Input Pin 

±5 mA 

Thermal Resistance (0ja)» (Note 11) 


Current at Output Pin 

± 1 8 mA 

14-Pin DIP 

85°C/W 

Current at Power Supply Pin 

35 mA 

14-Pin SO 

1 1 5°C/W 

Output Short Circuit to V + 

(Note 12) 



Output Short Circuit to V~ 

(Note 2) 



DC Electrical Characteristics 




The following specifications apply for V+ = 5V, V~ = OV, Vcm = 1.5V, Vq = 2.5V, and R|_ = 1M unless otherwise noted. 
Boldface limits apply at the temperature extremes; all other limits Tj = 25°C. 






LMC6024I 


Symbol 

Parameter 

Conditions 

Limit 
(Note 6) 

Units 

Vos 

Input Offset Voltage 


1 

9 





11 


AVqs/AT 

Input Offset Voltage 

Average Drift 


2.5 



>B 

Input Bias Current 


0.04 


pA 





200 

Max 

•os 

Input Offset Current 


0.01 


pA 





100 

Max 

Rin 

Input Resistance 


>1 


TeraH 

CMRR 

Common Mode 

ov £ v CM ^ 12 V 

83 

63 

dB 


Rejection Ratio 

V+ = 15V 

61 

Min 

+ PSRR 

Positive Power Supply 

5V£ V+ £ 15V 

83 

63 

dB 


Rejection Ratio 


61 

Min 

— PSRR 

Negative Power Supply 

0V £ V- <: -10V 

94 


dB 


Rejection Ratio 



Min 

Vcm 

Input Common-Mode 

V+ = 5V and 15V 

-0.4 

-0.1 

V 


Voltage Range 

For CMRR ;> 50 DB 

0 

Max 




V+ - 1.9 








a v 

Large Signal Voltage Gain 

R l = 100 kfl (Note 7) 

1000 

200 

V/mV 



Sourcing 

100 

Min 



Sinking 

500 

90 

V/mV 




40 

Min 



R L = 5 kft (Note 7) 

1000 

100 

V/mV 



Sourcing 

75 

Min 



Sinking 

250 

50 

V/mV 




20 

Min 
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DC Electrical Characteristics (Continued) 


The following specifications apply for V+ = 5V, V - = OV, Vqm = 1-5V, Vq = 2.5V, and Rj_ = 1M unless otherwise noted. 
Boldface limits apply at the temperature extremes; ail other limits Tj = 25°C. 





Typical 
(Note 5) 

LMC6024I 


Symbol 

Parameter 

Conditions 

Limit 
(Note 6) 

Units 

Vo 

Output Voltage Swing 

< 

+ 

II 

cn 

< 

4.987 

4.40 

V 



R L = 100 kn to 2.5V 

4.43 

Min 




0.004 

0.06 

V 




0.09 

Max 



< 

+ 

II 

cn 

< 

4.940 

4.20 

V 



R L = 5 kn to 2.5V 

4.00 

Min 




0.040 

0.25 

V 




0.35 

Max 



V+ = 15V 

14.970 

14.00 

V 



R l = 100 kn to 7.5V 

13.90 

Min 




0.007 

0.06 

V 




0.09 

Max 



V+ = 15V 

14.840 

13.70 




R L = 5 kn to 7.5V 

13.50 





0.110 

0.32 

V 




0.40 

Max 

>0 

Output Current 

V+ = 5V 

22 

13 

mA 



Sourcing, Vq = OV 

9 

Min 



Sinking Vq = 5V 

21 

13 

mA 



(Note 2) 

9 

Min 



V+ = 15V 

40 

23 

mA 



Sourcing, Vq = OV 

15 

Min 



Sinking, Vq = 13V 

39 

23 

mA 



(Note 12) 

15 

Min 

Is 

Supply Current 

All Four Amplifiers 

160 

240 

fiA 



V 0 = 1.5V 

280 

Max 
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AC Electrical Characteristics 

The following specifications apply for V+ = 5V, V~ = OV, Vqm - 1.5V, Vo = 2.5 V, and R|_ = 1M unless otherwise noted. 
Boldface limits apply at the temperature extremes; all other limits Tj = 25°C. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 5) 

LMC6024I 

Limit 
(Note 6) 

Units 

SR 

Slew Rate 

(Note 8) 

0.11 




Gain-Bandwidth Product 


0.35 


MHz 


Phase Margin 


50 


Deg 

G M 

Gain Margin 


17 


dB 


Amp-to-Amp Isolation 

(Note 9) 

130 


dB 

e n 

Input-Referred Voltage Noise 

F = 1 kHz 

42 


nVA/Hz 

in 

Input-Referred Current Noise 

F = 1 kHz 

0.0002 


pA/VRz 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the component may occur. Operating Ratings indicate conditions for which the device 
is intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 

Note 2: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature and/or multiple Op Amp shorts 
can result in exceeding the maximum allowed junction temperature of 150°C. Output currents in excess of ±30 mA over long term may adversly affect reliability. 
Note 3: The maximum power dissipation is a function of Tj( max ), 0 ja, and Ta- The maximum allowable power dissipation at any ambient temperature is 
p D = (Tj(max) “ T a )/0ja- 

Note 4: Human body model, 100 pF discharge through a 1.5 kn resistor. 

Note 5: Typical values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or correlation. 

Note 7: V+ = 15V, V C m = 7.5V, and R L connected to 7.5V. For Sourcing tests, 7.5V <; V 0 £ 11.5V. For Sinking tests, 2.5V <: Vo £ 7.5V. 

Note 8: V+ = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 

Note 9: Input referred, V+ = 15V and R[_ - 100 k (l connected to 7.5V. Each amp excited in turn with 1 kHz to produce Vo = 13 Vpp. 

Note 10: For operating at elevated temperatures the device must be derated based on the thermal resistance 0 ja with Pd - (Tj - Ta)/0ja- 
Note 11: All numbers apply for packages soldered directly into a PC board. 

Note 12: Do not connect output to V+ when V + is greater than 13V or reliability may be adversely affected. 
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Typical Performance Characteristics Vg = ±7.5 V,Ta = 25°C unless otherwise specified 
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Input Bias Current 
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Output Characteristics 
Current Sinking 



OUTPUT SINK CURRENT (mA) 


Output Characteristics 
Current Sourcing 



OUTPUT SOURCE CURRENT (mA) 


Input Voltage Noise 
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Crosstalk Rejection 
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Power Supply Rejection 
Ratio vs Frequency 
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g Typical Performance Characteristics v s = ± 7.5V, Ta = 25°C unless otherwise specified (Continued) 

O 


Open-Loop Voltage 
Gain vs Temperature 



-75 -25 25 75 125 

TEMPERATURE (°C) 


Open-Loop 
Frequency Response 
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Gain and Phase Responses 
vs Load Capacitance 
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Gain Error 
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Typical Performance Characteristics Vs = ± 7.5V, Ta = 25°C unless otherwise specified (Continued) 


Stability vs Capacitive Load 



SINKING SOURCING 

LOAD CURRENT <mA) 

TL/H/1 1235-4 

Note: Avoid resistive loads of less than 500ft, as they may cause instability. 

Application Hints 

AMPLIFIER TOPOLOGY 

The topology chosen for the LMC6024 is unconventional 
(compared to general-purpose op amps) in that the tradi- 
tional unity-gain buffer output stage is not used; instead, the 
output is taken directly from the output of the integrator, to 
allow rail-to-rail output swing. Since the buffer traditionally 
delivers the power to the load, while maintaining high op 
amp gain and stability, and must withstand shorts to either 
rail, these tasks now fall to the integrator. 

As a result of these demands, the integrator is a compound 
affair with an embedded gain stage that is doubly fed for- 
ward (via Cf and Cff) by a dedicated unity-gain compensa- 
tion driver. In addition, the output portion of the integrator is 
a push-pull configuration for delivering heavy loads. While 
sinking current the whole amplifier path consists of three 
gain stages with one stage fed forward, whereas while 
sourcing the path contains four gain stages with two fed 
forward. 
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Stability vs Capacitive Load 

100,000 


10,000 


1,000 


100 


10 


1 
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SINKING SOURCING 

LOAD CURRENT (mA) 

TL/H/1 1235-5 



The large signal voltage gain while sourcing is comparable 
to traditional bipolar op amps, for load resistance of at least 
5 kft. The gain while sinking is higher than most CMOS op 
amps, due to the additional gain stage; however, when driv- 
ing load resistance of 5 k ft or less, the gain will be reduced 
as indicated in the Electrical Characterisitics. The op amp 
can drive load resistance as low as 500ft without instability. 

COMPENSATING INPUT CAPACITANCE 

Refer to the LMC660 or LMC662 datasheets to determine 
whether or not a feedback capacitor will be necessary for 
compensation and what the value of that capacitor would 
be. 

CAPACITIVE LOAD TOLERANCE 

Like many other op amps, the LMC6024 may oscillate when 
its applied load appears capacitive. The threshold of oscilla- 
tion varies both with load and circuit gain. The configuration 
most sensitive to oscillation is a unity-gain follower. See the 
Typical Performance Characteristics. 

The load capacitance interacts with the op amp’s output 
resistance to create an additional pole. If this pole frequen- 
cy is sufficiently low, it will degrade the op amp’s phase 
margin so that the amplifier is no longer stable at low gains. 
The addition of a small resistor (50ft to 100ft) in series with 
the op amp’s output, and a capacitor (5 pF to 10 pF) from 
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Application Hints (Continued) 

inverting input to output pins, returns the phase margin to a 
safe value without interfering with lower-frequency circuit 
operation. Thus, larger values of capacitance can be tolerat- 
ed without oscillation. Note that in all cases, the output will 
ring heavily when the load capcitance is near the threshold 
for oscillation. 


lOOkfl 



TL/H/1 1235-7 

FIGURE 2a. Rx, Cx Improve Capacitive Load Tolerance 

Capacitive load driving capability is enhanced by using a 
pull up resistor to V+ (Figure 2b). Typically a pull up resistor 
conducting 50 ju,A or more will significantly improve capaci- 
tive load responses. The value of the pull up resistor must 
be determined based on the current sinking capability of the 
amplifier with respect to the desired output swing. Open 
loop gain of the amplifier can also be affected by the pull up 
resistor (see Electrical Characteristics). 


v+ 



TL/H/1 1235-26 

FIGURE 2b. Compensating for Large 
Capacitive Loads with a Pull Up Resistor 


PRINTED-CIRCUIT-BOARD LAYOUT 
FOR HIGH-IMPEDANCE WORK 

It is generally recognized that any circuit which must oper- 
ate with less than 1000 pA of leakage current requires spe- 
cial layout of the PC board. When one wishes to take advan- 
tage of the ultra-low bias current of the LMC6024, typically 
less than 0.04 pA, it is essential to have an excellent layout. 
Fortunately, the techniques for obtaining low leakages are 
quite simple. First, the user must not ignore the surface 
leakage of the PC board, even though it may sometimes 
appear acceptably low, because under conditions of high 
humidity or dust or contamination, the surface leakage will 
be appreciable. 

To minimize the effect of any surface leakage, lay out a ring 
of foil completely surrounding the LMC6024’s inputs and the 
terminals of capacitors, diodes, conductors, resistors, relay 
terminals, etc. connected to the op-amp’s inputs. See Fig- 
ure 3. To have a significant effect, guard rings should be 
placed on both the top and bottom of the PC board. This PC 
foil must then be connected to a voltage which is at the 
same voltage as the amplifier inputs, since no leakage cur- 
rent can flow between two points at the same potential. For 
example, a PC board trace-to-pad resistance of 1012 ohms, 
which is normally considered a very large resistance, could 
leak 5 pA if the trace were a 5V bus adjacent to the pad of 
an input. This would cause a 100 times degradation from 
the LMC6024’s actual performance. However, if a guard 
ring is held within 5 mV of the inputs, then Oven a resistance 
of 10 11 ohms would cause only 0.05 pA of leakage current, 
or perhaps a minor (2:1) degradation of the amplifier’s per- 
formance. See Figures 4a, 4b, 4c for typical connections of 
guard rings for standard dp-amp configurations. If both in- 
puts are active and at high impedance, the guard can be 
tied to ground and still provide some protection; see 
Figure 4d. 



TL/H/1 1235-8 


FIGURE 3. Example of Guard Ring in P.C. Board Layout (Using the LMC6024) 
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Application Hints (Continued) 

Cl R2 




(a) Inverting Amplifier 


R3 




FIGURE 4. Guard Ring Connections 


The designer should be aware that when it is inappropriate 
to lay out a PC board for the sake of just a few circuits, there 
is another technique which is even better than a guard ring 
on a PC board: Don’t insert the amplifier’s input pin into the 
board at all, but bend it up in the air and use only air as an 
insulator. Air is an excellent insulator. In this case you may 
have to forego some of the advantages of PC board con- 
struction, but the advantages are sometimes well worth the 
effort of using point-to-point up-in-the-air wiring. See 
Figure 5. 


FEEDBACK 

CAPACITOR 



(Input pins are lifted out of PC board and soldered directly to components. 
All other pins connected to PC board.) 


FIGURE 5. Air Wiring 


BIAS CURRENT TESTING 


The test method of Figure 6 is appropriate for bench-testing 
bias current with reasonable accuracy. To understand its 
operation, first close switch S2 momentarily. When S2 is 
opened, then 


I- = 


dVom 

dt 


X C2. 



FIGURE 6. Simple Input Bias Current Test Circuit 



I 
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Application Hints (Continued) 

A suitable capacitor for C2 would be a 5 pF or 1 0 pF silver 
mica, NPO ceramic, or air-dielectric. When determining the 
magnitude of l~, the leakage of the capacitor and socket 
must be taken into account. Switch S2 should be left short- 
ed most of the time, or else the dielectric absorption of the 
capacitor C2 could cause errors. 


Similarly, if SI is shorted momentarily (while leaving S2 
shorted) 

l + =^Ix(C1 + C x ) 
where C x is the stray capacitance at the + input. 


Typical Single-Supply Applications <v+ = 5.0 v DC ) 


Photodiode Current-to-Voltage Converter 

+5V 


Micropower Current Source 

LM385 (1.2V) 


— II 

IpF 


R3 

AAA 

R1 

1 00M 

100k 

~ LMC602^-h 

V 0UT . 

+ 

'OUT 


■ ■ ■ < 


Note: A 5V bias on the photodiode can cut its capacitance by a factor of 2 or 
3, leading to improved response and lower noise. However, this bias on the 
photodiode will cause photodiode leakage (also known as its dark current). 


TL/H/ 11235-16 

(Upper limit of output range dictated by input common-mode range; lower 
limit dictated by minimum current requirement of LM385.) 


Low-Leakage Sample-and-Hoid 


0.1 fiF POLYPROPYLENE 
I OR POLYSTYRENE 


Instrumentation Amplifier 



= R5, R3 = R6, and R4 = 


VqUT = R2 + 2 R1 R4 
V| N “ R2 X R3 
.'. Ay ~ 100 for circuit shown. 

For good CMRR over temperature, low drift resis- 
tors should be used. Matching of R3 to R6 and 
R4 to R7 affects CMRR. Gain may be adjusted 
through R2. CMRR may be adjusted through R7. 
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Typical Single-Supply Applications <v+ = 5.0 v DC > (continued) 


10 Hz Bandpass Filter 10 Hz High-Pass Filter (2 dB Dip) 




1 Hz Low-Pass Filter (Maximally Flat, Dual Supply Only) 

R1 R4 



High Gain Amplifier with Offset Voltage Reduction 

R3 



Gain = -46.8 


TL/H/ 11235-22 


Output offset voltage reduced to the 
level of the input offset voltage of 
the bottom amplifier (typically 1 mV), 
referred to Vbias- 
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National Semiconductor 


LMC6032 

CMOS Dual Operational Amplifier 


General Description 

The LMC6032 is a CMOS dual operational amplifier which 
can operate from either a single supply or dual supplies. Its 
performance features include an input common-mode range 
that reaches ground, low input bias current, and high volt- 
age gain into realistic loads, such as 2 kft and 600ft. 

This chip is built with National’s advanced Double-Poly Sili- 
con-Gate CMOS process. 

See the LMC6034 datasheet for a CMOS quad operational 
amplifier with these same features. For higher performance 
characteristics refer to the LMC662. 

Features 

■ Specified for 2 kft and 600ft loads 

■ High voltage gain 1 26 dB 

■ Low offset voltage drift 2.3 julV/°C 


■ Ultra low input bias current 40 fA 

■ Input common-mode range includes V~ 

■ Operating range from +5V to + 15V supply 

■ Iss = 400 jxA/amplifier; independent of V + 

■ Low distortion 0.01% at 10 kHz 

■ Slew rate 1.1 V/jus 

■ Improved performance over TLC272 

Applications 

■ High-impedance buffer or preamplifier 

■ Current-to-voltage converter 

■ Long-term integrator 

■ Sample-and-hold circuit 

■ Medical instrumentation 


Connection Diagram 

8-Pin DIP/SO 


OUTPUT A 

INVERTING INPUT A 

NON-INVERTING INPUT A 

V- 



• V+ 


• OUTPUT B 


* INVERTING INPUT B 


• NON-INVERTING INPUT \ 


Top View 


TL/H/1 1135-1 


Ordering Information 


Temperature Range 

Package 

NSC 

Drawing 

Transport 

Media 

Industrial 

— 40°C ^ Tj £ +85°C 

LMC6032IN 

8-Pin 

Molded DIP 

N08E 

Rail 

LMC6032IM 

8-Pin 

Small Outline 

M08A 

Rail 

Tape and Reel 
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Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Differential Input Voltage ± Supply Voltage 

Supply Voltage (V+ - V - ) 16V 

Output Short Circuit to V + (Note 1 0) 

Output Short Circuit to V - (Note 2) 

Lead Temperature (Soldering, 1 0 sec.) 260°C 

Storage T emperature Range - 65°C to +1 50°C 

Junction T emperature 1 50°C 

ESD T olerance (Note 4) 1 000 V 


(Note 3) 
(V + ) + 0.3 V, 
(V~) - 0.3V 
±18 mA 
±5 mA 
35 mA 


Power Dissipation 
Voltage at Output/Input Pin 

Current at Output Pin 
Current at Input Pin 
Current at Power Supply Pin 

Operating Ratings (Note d 

Temperature Range -40°C ^ Tj ^ + 85°C 

Supply Voltage Range 4.75V to 1 5.5V 

Power Dissipation (Note 11) 

Thermal Resistance (0ja), (Note 12) 

8-Pin DIP 101 o C/W 

8-Pin SO 165°C/W 


DC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C. Boldface limits apply at the temperature extremes. 
V+ = 5V, V“ = GND = 0V, Vqm = 1.5V, Vqut = 2.5V and R[_ > 1M unless otherwise specified. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 5) 

LMC6032I 

Limit 

Units 




(Note 6) 


Vos 

Input Offset Voltage 


1 

9 

mV 




11 

max 

AV 0S /AT 

Input Offset Voltage 
Average Drift 


2.3 


jaV/°C 

•b 

Input Bias Current 


0.04 

200 

pA 




max 

•os 

Input Offset Current 


0.01 

100 

pA 




max 

Rin 

Input Resistance 


>1 


TeraO 

CMRR 

Common Mode 

0V ^ V C m ^ 12V 

83 

63 

dB 


Rejection Ratio 

V+ = 15V 

60 

min 

+ PSRR 

Positive Power Supply 

5V <: V+ ^ 15V 

83 

63 

dB 


Rejection Ratio 

V 0 = 2.5 V 

60 

min 

— PSRR 

Negative Power Supply 

ov^ v- ^ -10V 

94 

74 

dB 


Rejection Ratio 


70 

min 

VcM 

Input Common-Mode 

V+ = 5V&15V 

-0.4 

-0.1 

V 


Voltage Range 

For CMRR ^ 50 dB 

o 

max 




< 

+ 

1 

CO 

V+ - 2.3 

V 




V+ - 2.6 

min 

A V 

Large Signal 

R l = 2 kH (Note 7) 

2000 

200 

V/mV 


Voltage Gain 

Sourcing 

100 

min 



Sinking 

500 

90 

V/mV 




40 

min 



R l = 6000 (Note 7) 

1000 

100 

V/mV 



Sourcing 

75 

min 



Sinking 

250 

50 

V/mV 




20 

min 
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DC Electrical Characteristics (Continued) 

Unless otherwise specified, all limits guaranteed for Tj = 25°C. Boldface limits apply at the temperature extremes. 
V+ = 5V, V~ = GND = OV, Vqm = 1.5V, Vqut = 2.5V and R[_ > 1M unless otherwise specified. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 5) 

LMC6032I 

Limit 
(Note 6) 


Vo 

Output Voltage Swing 

> 

10 

11 

+ 

> 

4.87 

4.20 

V 



R l - 2 kH to 2.5V 

4.00 

min 




0.10 

0.25 

V 




0.35 

max 



< 

+ 

II 

cn 

< 

4.61 

4.00 

V 



R l = 600fi to 2.5V 

3.80 

min 




0.30 

0.63 

V 




0.75 

max 



V+ = 15V 

14.63 

13.50 

V 



R L = 2 kn to 7.5V 

13.00 

min 




0.26 

0.45 

V 




0.55 

max 



V+ = 15V 

13.90 

12.50 

V 



R l = 600n to 7.5V 

12.00 

min 




0.79 

1.45 

V 




1.75 

max 

to 

Output Current 

V+ = 5V 

22 

13 

mA 



Sourcing, Vo = OV 

9 

min 



Sinking, Vq = 5V 

21 

13 

mA 




9 

min 



V+ = 15V 

40 

23 

mA 



Sourcing, Vq = OV 

15 

min 



Sinking, Vq = 13V 

39 

23 

mA 



(Note 10) 

15 

min 

Is 

Supply Current 

Both Amplifiers 

0.75 

1.6 

mA 



V 0 = 1.5V 

1.9 

max 
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AC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C. Boldface limits apply at the temperature extremes. 
V+ = 5V, V~ = GND = OV, Vqm = 1.5V, Vqut = 2.5V and Rl > 1M unless otherwise specified. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 5) 

LMC6032I 

Limit 
(Note 6) 

Units 

SR 

Slew Rate 

(Note 8) 

1.1 

0.8 

V/jLlS 




0.4 

min 

GBW 

Gain-Bandwidth Product 


1.4 


MHz 

4>m 

Phase Margin 


50 


Deg 

G M 

Gain Margin 


17 


dB 


Amp-to-Amp Isolation 

(Note 9) 

130 


dB 

e n 

Input-Referred Voltage Noise 

F = 1 kHz 

22 


nV/x/Hz 

in 

Input-Referred Current Noise 

F = 1 kHz 

0.0002 


pA/VHz 

THD 

Total Harmonic Distortion 

F = 10 kHz, A v = -10 

R l = 2 kn, V 0 = 8 Vpp 
± 5V Supply 

0.01 


% 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to component may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 

Note 2: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature and/or multiple Op Amp shorts 
can result in exceeding the maximum allowed junction temperature of 1 50°C. Output currents in excess of ±30 mA over long term may adversely affect reliability. 

Note 3: The maximum power dissipation is a function of Tj( max ), 0ja, and Ta- The maximum allowable power dissipation at any ambient temperature is Pq = 

(Tj(max) “ Ta)/0JA- 

Note 4: Human body model, 100 pF discharged through a 1.5 kn resistor. 

Note 5: Typical values represent the most likely parametric norm. 

Note 6: All limits are guaranteed at room temperature (standard type face) or at operating temperature extremes (bold type face). 

Note 7: V+ = 15V, V C m = 7.5V, and R L connected to 7.5V. For Sourcing tests, 7.5V <: V Q <; 11.5V. For Sinking tests, 2.5V <: V Q ^ 7.5V. 

Note 8: V+ = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 

Note 9: Input referred. V+ = 15V and Rl = 10 kft connected to V+/2. Each amp excited in turn with 1 kHz to produce Vo = 13 Vpp. 

Note 10: Do not connect output to V+, when V+ is greater than 13V or reliability may be adversely affected. 

Note 11: For operating at elevated temperatures the device must be derated based on the thermal resistance 0ja with Pd = (Tj - Ta)/0ja- 

Note 12: All numbers apply for packages soldered directly into a PC board. 


| 


1 
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Typical Performance Characteristics Vs = ±7.5V, Ta = 25°C unless otherwise specified 

Supply Current Output Characte 

vs Supply Voltage Input Bias Current Current Sinking 


Output Characteristics 
Current Sinking 



Q .....<^* 100 pF, OUTPUT SOURCING 1 
{■ — *<t» 100 pF, OUTPUT SINKING 1 


1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


1M 5M 

FREQUENCY (Hz) 


4 8 12 16 20 

TIME (ms) 


Stability vs 
Capacitive Load 


IBBrngaaBMl 


-10-1 -0.1-0.01-0.0010 0.0010.010.1 1 10 
SINKING SOURCING 

LOAD CURRENT (mA) 


Stability vs 
Capacitive Load 


■■■■ 

■■■■ 

aim 

Sim 

■ms 

■■■ 

■ 

■ 

H 

miamamn 

EESZ5SBHH 

■■■ms 

| | i% OVERSHOOT | 















-10-1-0.1-0.01-0.0010 0.0010.010.1 1 10 
SINKING SOURCING 

LOAD CURRENT (mA) 


Note: Avoid resistive loads of less than 500ft, as they may cause instability. 
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Application Hints 

AMPLIFIER TOPOLOGY 

The topology chosen for the LMC6032, shown in Figure 1, is 
unconventional (compared to general-purpose op amps) in 
that the traditional unity-gain buffer output stage is not used; 
instead, the output is taken directly from the output of the 
integrator, to allow a larger output swing. Since the buffer 
traditionally delivers the power to the load, while maintaining 
high op amp gain and stability, and must withstand shorts to 
either rail, these tasks now fall to the integrator. 

As a result of these demands, the integrator is a compound 
affair with an embedded gain stage that is doubly fed for- 
ward (via Cf and Cff) by a dedicated unity-gain compensa- 
tion driver. In addition, the output portion of the integrator is 
a push-pull configuration for delivering heavy loads. While 
sinking current the whole amplifier path consists of three 
gain stages with one stage fed forward, whereas while 
sourcing the path contains four gain stages with two fed 
forward. 



The large signal voltage gain while sourcing is comparable 
to traditional bipolar op amps, even with a 600H load. The 
gain while sinking is higher than most CMOS op amps, due 
to the additional gain stage; however, under heavy load 
(6000) the gain will be reduced as indicated in the Electrical 
Characteristics. 

COMPENSATING INPUT CAPACITANCE 

The high input resistance of the LMC6032 op amps allows 
the use of large feedback and source resistor values without 
losing gain accuracy due to loading. However, the circuit will 
be especially sensitive to its layout when these large-value 
resistors are used. 

Every amplifier has some capacitance between each input 
and AC ground, and also some differential capacitance be- 
tween the inputs. When the feedback network around an 
amplifier is resistive, this input capacitance (along with any 
additional capacitance due to circuit board traces, the sock- 
et, etc.) and the feedback resistors create a pole in the 
feedback path. In the following General Operational Amplifi- 
er Circuit, Figure 2 t the frequency of this pole is 

,p ~ 2irC s Rp 

where Cs is the total capacitance at the inverting input, in- 
cluding amplifier input capacitance and any stray capaci- 


tance from the 1C socket (if one is used), circuit board 
traces, etc., and Rp is the parallel combination of Rp and 
Rin- This formula, as well as all formulae derived below, 
apply to inverting and non-inverting op-amp configurations. 
When the feedback resistors are smaller than a few kft, the 
frequency of the feedback pole will be quite high, since Cs 
is generally less than 10 pF. If the frequency of the feed- 
back pole is much higher than the “ideal” closed-loop band- 
width (the nominal closed-loop bandwidth in the absence of 
Cs), the pole will have a negligible effect on stability, as it 
will add only a small amount of phase shift. 

However, if the feedback pole is less than approximately 6 
to 10 times the “ideal” -3 dB frequency, a feedback ca- 
pacitor, Cp, should be connected between the output and 
the inverting input of the op amp. This condition can also be 
stated in terms of the amplifier’s low-frequency noise gain: 
To maintain stability, a feedback capacitor will probably be 
needed if 

(l|N + 1 ) * V6 X 2w X GBW XRpXCs 

where 



is the amplifier’s low-frequency noise gain and GBW is the 
amplifier’s gain bandwidth product. An amplifier’s low-fre- 
quency noise gain is represented by the formula 



regardless of whether the amplifier is being used in an in- 
verting or non-inverting mode. Note that a feedback capaci- 
tor is more likely to be needed when the noise gain is low 
and/or the feedback resistor is large. 

If the above condition is met (indicating a feedback capaci- 
tor will probably be needed), and the noise gain is large 
enough that: 

( + i ] ;> 2>/GBW XRpXCc, 

VR|N / 

the following value of feedback capacitor is recommended: 



If 


(5E. + 1 ) < 2JGBW XRpXCs, 
\R|N / 

the feedback capacitor should be: 


Cf 


■4 


c s 


GBW X Rp 


Note that these capacitor values are usually significantly 
smaller than those given by the older, more conservative 
formula: 


C F = 


Cs R|N 
Rf ' 


1 
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Application Hints (Continued) 



TL/H/111 35-4 

FIGURE 2. General Operational Amplifier Circuit 

Cs consists of the amplifier’s input capacitance plus any stray capacitance 
from the circuit board and socket. C F compensates for the pole caused by 
Cs and the feedback resistor. 

Using the smaller capacitors will give much higher band- 
width with little degradation of transient response. It may be 
necessary in any of the above cases to use a somewhat 
larger feedback capacitor to allow for unexpected stray ca- 
pacitance, or to tolerate additional phase shifts in the loop, 
or excessive capacitive load, or to decrease the noise or 
bandwidth, or simply because the particular circuit imple- 
mentation needs more feedback capacitance to be suffi- 
ciently stable. For example, a printed circuit board’s stray 
capacitance may be larger or smaller than the bread- 
board’s, so the actual optimum value for Cp may be different 
from the one estimated using the breadboard. In most cas- 
es, the value of Cp should be checked on the actual circuit, 
starting with the computed value. 

CAPACITIVE LOAD TOLERANCE 

Like many other op amps, the LMC6032 may oscillate when 
its applied load appears capacitive. The threshold of oscilla- 
tion varies both with load and circuit gain. The configuration 
most sensitive to oscillation is a unity-gain follower. See the 
Typical Performance Characteristics. 

The load capacitance interacts with the op amp’s output 
resistance to create an additional pole. If this pole frequen- 
cy is sufficiently low, it will degrade the op amp’s phase 
margin so that the amplifier is no longer stable at low gains. 
As shown in Figure 3a, the addition of a small resistor (50ft 
to 100ft) in series with the op amp’s output, and a capacitor 
(5 pF to 10 pF) from inverting input to output pins, returns 
the phase margin to a safe value without interfering with 
lower-frequency circuit operation. Thus, larger values of ca- 
pacitance can be tolerated without oscillation. Note that in 
all cases, the output will ring heavily when the load capaci- 
tance is near the threshold for oscillation. 



FIGURE 3a. Rx, Cx Improve Capacitive Load Tolerance 

Capacitive load driving capability is enhanced by using a pull 
up resistor to V+ {Figure 3b). Typically a pull up resistor 
conducting 500 jaA or more will significantly improve capaci- 
tive load responses. The value of the pull up resistor must 
be determined based on the current sinking capability of the 
amplifier with respect to the desired output swing. Open 


loop gain of the amplifier can also be affected by the pull up 
resistor (see Electrical Characteristics). 


v+ 



“ TL/H/1 1135-22 

FIGURE 3b. Compensating for Large Capacitive 
Loads with a Pull Up Resistor 
PRINTED-CIRCUIT-BOARD LAYOUT 
FOR HIGH-IMPEDANCE WORK 

It is generally recognized that any circuit which must oper- 
ate with less than 1000 pA of leakage current requires spe- 
cial layout of the PC board. When one wishes to take advan- 
tage of the ultra-low bias current of the LMC6032, typically 
less than 0.04 pA, it is essential to have an excellent layout. 
Fortunately, the techniques for obtaining low leakages are 
quite simple. First, the user must not ignore the surface 
leakage of the PC board, even though it may sometimes 
appear acceptably low, because under conditions of high 
humidity or dust or contamination, the surface leakage will 
be appreciable. 

To minimize the effect of any surface leakage, lay out a ring 
of foil completely surrounding the LMC6032’s inputs and the 
terminals of capacitors, diodes, conductors, resistors, relay 
terminals, etc. connected to the op-amp’s inputs. See Fig- 
ure 4. To have a significant effect, guard rings should be 
placed on both the top and bottom of the PC board. This PC 
foil must then be connected to a voltage which is at the 
same voltage as the amplifier inppts, since no leakage cur- 
rent can flow between two points at the same potential. For 
example, a PC board trace-to-pad resistance of 10 12 ft, 
which is normally considered a very large resistance, could 
leak 5 pA if the trace were a 5 V bus adjacent to the pad qf 
an input. This would cause a 100 times degradation from 
the LMC6032’s actual performance. However, if a guard 
ring is held within 5 mV of the inputs, then even a resistance 
of 10Hft would cause only 0.05 pA of leakage current, or 
perhaps a minor (2:1) degradation of the amplifier’s per- 
formance. See Figures 5a, 5b, 5c for typical connections of 
guard rings for standard op-amp configurations. If both in- 
puts are active and at high impedance, the guard can be 
tied to ground and still provide some protection; see Figure 
5d. 



FIGURE 4. Example of Guard Ring in P.C. Board Layout 
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Cl 



(a) Inverting Amplifier 

R2 



(b) Non-Inverting Amplifier 



OUTPUT 


TL/H/11135-9 


R3 



FIGURE 5. Guard Ring Connections 

The designer should be aware that when it is inappropriate 
to lay out a PC board for the sake of just a few circuits, there 
is another technique which is even better than a guard ring 
on a PC board: Don’t insert the amplifier’s input pin into the 
board at all, but bend it up in the air and use only air as an 


insulator. Air is an excellent insulator. In this case you may 
have to forego some of the advantages of PC board con- 
struction, but the advantages are sometimes well worth the 
effort of using point-to-point up-in-the-air wiring. See 
Figure 6. 


FEEDBACK 

CAPACITOR 



SOLDER CONNECTION 

TL/H/1 1135-11 


(Input pins are lifted out of PC board and soldered directly to components. 
All other pins connected to PC board.) 

FIGURE 6. Air Wiring 


BIAS CURRENT TESTING 

The test method of Figure 7 is appropriate for bench-testing 
bias current with reasonable accuracy. To understand its 
operation, first close switch S2 momentarily. When S2 is 
opened, then 


lb" = 


dVoUT 

dt 


X C2. 



FIGURE 7. Simple Input Bias Current Test Circuit 

A suitable capacitor for C2 would be a 5 pF or 10 pF silver 
mica, NPO ceramic, or air-dielectric. When determining the 
magnitude of lb", the leakage of the capacitor and socket 
must be taken into account. Switch S2 should be left short- 
ed most of the time, or else the dielectric absorption of the 
capacitor C2 could cause errors. 

Similarly, if SI is shorted momentarily (while leaving S2 
shorted) 


lb + 


dVpUT 

dt 


X (Cl + Cx) 


where C x is the stray capacitance at the + input. 


I 

j 
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Typical Single-Supply Applications <v+ = 5.0 v DC ) 


Additional single-supply applications ideas can be found in 
the LM358 datasheet. The LMC6032 is pin-for-pin compati- 
ble with the LM358 and offers greater bandwidth and input 
resistance over the LM358. These features will improve the 
performance of many existing single-supply applications. 
Note, however, that the supply voltage range of the 
LMC6032 is smaller than that of the LM358. 


Instrumentation Amplifier 



yoyi = R2 ± 2R1 x R4 
V IN R2 R3 and R4 = B7 . 


= 100 for circuit shown. 

For good CMRR over temperature, low drift resistors should 
be used. Matching of R3 to R6 and R4 to R7 affects CMRR. 
Gain may be adjusted through R2. CMRR may be adjusted 
through R7. 

Sine-Wave Oscillator 



Oscillator frequency is determined by R1, R2, Cl, and C2: 

fosc = 1/2 ttRC 

where R = R1 = R2 and C = Cl = C2. 

This circuit, as shown, oscillates at 2.0 kHz with a peak-to- 
peak output swing of 4.0V. 


Low-Leakage Sample-and-Hold 



1 Hz Square-Wave Oscillator 

R4 



Power Amplifier 


R4 
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Typical Single-Supply Applications <v + = 5.0 v DC ) (continued) 

10 Hz Bandpass Filter 10 Hz High-Pass Filter 



1 Hz Low-Pass Filter (Maximally Flat, Dual Supply Only) High Gain Amplifier with Offset Voltage Reduction 


R1 R4 



R3 



Output offset voltage reduced to the 
level of the input offset voltage of 
the bottom amplifier (typically 1 mV). 
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National Semiconductor 


LMC6034 

CMOS Quad Operational Amplifier 


General Description 

The LMC6034 is a CMOS quad operational amplifier which 
can operate from either a single supply or dual supplies. Its 
performance features include an input common-mode range 
that reaches ground, low input bias current, and high volt- 
age gain into realistic loads, such as 2 kft and 600ft. 

This chip is built with National’s advanced Double-Poly 
Silicon-Gate CMOS process. 

See the LMC6032 datasheet for a CMOS dual operational 
amplifier with these same features. For higher performance 
characteristics refer to the LMC660. 

Features 

■ Specified for 2 kft and 600ft loads 

■ High voltage gain 126 dB 

■ Low offset voltage drift 2.3 juV/°C 

■ Ultra low input bias current 40 fA 


■ Input common-mode range includes V~ 

■ Operating Range from +5V to + 15V supply 

■ Iss = 400 jmA/ amplifier; independent of V+ 

■ Low distortion 0.01% at 10 kHz 

■ Slew rate 1.1 V/jms 

■ Improved performance over TLC274 

Applications 

■ High-impedance buffer or preamplifier 

■ Current-to-voltage converter 

■ Long-term integrator 

■ Sample-and-hold circuit 

■ Medical instrumentation 


Connection Diagram 


Ordering Information 


14-Pin DIP/SO 


INVERTING INPUT 1 


NON-INVERTING INPUT 1 


NON-INVERTING INPUT 2 


INVERTING INPUT 2 



INVERTING INPUT 4 


' NON-INVERTING INPUT 4 


NON-INVERTING INPUT 3 


INVERTING INPUT 3 


Top View 


Temperature Range 


Mcr* 

Industrial 

— 40°C ^ Tj ^ +85°C 

Package 

NOU 

Drawing 

LMC6034IN 

14-Pin 

N14A 


Molded DIP 

LMC6034IM 

14-Pin 

M14A 


Small Outline 


Transport 

Media 


Rail 

Tape and Reel 
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Absolute Maximum Ratings (Note i> 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Differential Input Voltage ± Supply Volt)age 


Supply Voltage (V+ - V~) 
Output Short Circuit to V + 
Output Short Circuit to V~ 
Lead Temperature (Soldering, 
Storage Temperature Range 
Power Dissipation 
Voltage at Output/Input Pin 
Current at Output Pin 
Current at Input Pin 


16V 
(Note 10) 
(Note 2) 

sec.) 260° C 

— 65°Cto +150°C 
(Note 3) 

(V+) + 0.3V, (V~) -0.3V 
±18 mA 
±5mA 


Current at Power Supply Pin 35 mA 

Junction T emperature (Note 3) 1 50°C 

ESD T olerance (Note 4) 1 000V 


Operating Ratings <Notei) 

Temperature Range -40°C ^ Tj ^ +85°C 

Supply Voltage Range 4.75V to 1 5.5V 

Power Dissipation (Note 1 1 ) 

Thermal Resistance (0ja), (Note 12) 

14-Pin DIP 85°C/W 

14-Pin SO 115°C/W 


DC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C. Boldface limits apply at the temperature extremes. 
V+ = 5V, V - = GND = 0V, Vcm = 1.5V, Vqut = 2.5V, and R|_ > 1M unless otherwise specified. 





Typical 
(Note 5) 

LMC6034I 


Symbol 

Parameter 

Conditions 

Limit 
(Note 6) 

Units 

Vos 

Input Offset Voltage 


1 

9 

mV 





11 

max 

AVqs/AT 

Input Offset Voltage 

Average Drift 


2.3 


jutV/°C 

•b 

Input Bias Current 


0.04 

200 

pA 




max 

•os 

Input Offset Current 


0.01 

100 

pA 




max 

Rin 

Input Resistance 


>1 


TeraH 

CMRR 

Common Mode 

ov <; v CM ^ 12V 

83 

63 

dB 


Rejection Ratio 

V+ = 15V 

60 

min 

+ PSRR 

Positive Power Supply 

5V^ V+ ^ 15V 

83 

63 

dB 


Rejection Ratio 

V 0 = 2.5V 

60 

min 

— PSRR 

Negative Power Supply 

ov^ v- <; -lov 

94 

74 

dB 


Rejection Ratio 


70 

min 

Vcm 

Input Common-Mode 

V+ = 5V&15V 

-0.4 

-0.1 

V 


Voltage Range 

For CMRR ;> 50 dB 

o 

max 




V+ - 1.9 

CO 

c\i 

1 

+ 

> 

V 




V+ - 2.6 

min 

A V 

Large Signal Voltage Gain 

R L = 2 kfi (Note 7) 

2000 

200 

V/ mV 



Sourcing 

ioo 

min 



Sinking 

500 

90 

V/mV 





40 

min 



R l = 600ft (Note 7) 

1000 

100 

V/mV 



Sourcing 

75 

min 



Sinking 

250 

50 

V/mV 




20 

min 


| 


1 
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DC Electrical Characteristics (Continued) 

Unless otherwise specified, all limits guaranteed for Tj = 25°C. Boldface limits apply at the temperature extremes. 
V+ = 5V, V" = GND = OV, Vqm = 1.5V, Vqut = 2.5V, and Rl > 1M unless otherwise specified. 





Typical 
(Note 5) 

LMC6034I 


Symbol 

Parameter 

Conditions 

Limit 
(Note 6) 

Units 

Vo 

Output Voltage Swing 

V+ = 5V 

4.87 

4.20 

V 



R l = 2 kft to 2.5V 

4.00 

min 




0.10 

0.25 

V 




0.35 

max 



V + = 5V 

4.61 

4.00 

V 



R l = 600H to 2.5 V 

3.80 

min 




0.30 

0.63 

V 




0.75 

max 



V+ = 15V 

14.63 

13.50 

V 



R l = 2 kH to 7.5V 

13.00 

min 




0.26 


V 





max 



V+ = 15V 

13.90 


V 



R l = 600ft to 7.5V 

II 

min 




0.79 

■RH 

V 





max 

to 

Output Current 

V+ = 5V 

22 

13 

mA 



Sourcing, Vq = 0V 

9 

min 



Sinking, Vo = 5V 

21 

13 

mA 





9 

min 



V+ = 15V 

40 

23 

mA 



Sourcing, Vq = 0V 

15 

min 



Sinking, Vo = 13V 

39 


mA 



(Note 10) 

BBnHrHBRpB 

min 

Is 

Supply Current 

All Four Amplifiers 

1.5 

■H 

mA 



V 0 = 1.5V 


max 
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AC Electrical Characteristics 

Unless otherwise specified, ail limits guaranteed for Tj = 25°C. Boldface limits apply at the temperature extremes. 
V+ = 5V, V” = GND = OV, Vqm = 1.5V, Vqut = 2.5V, and R|_ > 1M unless otherwise specified. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 5) 

LMC6034I 

Limit 
(Note 6) 

Units 

SR 

Slew Rate 

(Note 8) 

1.1 

0.8 

V/jus 




0.4 

min 

GBW 

Gain-Bandwidth Product 


1.4 


MHz 

<f>M 

Phase Margin 


50 


Deg 

Gm 

Gain Margin 


17 


dB 


Amp-to-Amp Isolation 

(Note 9) 

130 


dB 

e n 

Input-Referred Voltage Noise 


22 


nV/VHz 

•n 

Input-Referred Current Noise 

F = 1 kHz 

0.0002 


pAA/Hz 

THD 

Total Harmonic Distortion 

F = 10 kHz, A v = -10 

R L = 2 kn, V 0 = 8 Vpp 
± 5V Supply 

0.01 


% 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the component may occur. Operating Ratings indicate conditions for which the device 
is intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 

Note 2: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature and/or multiple Op Amp shorts 
can result in exceeding the maximum allowed junction temperature of 150°C. Output currents in excess of ±30 mA over long term may adversely affect reliability. 
Note 3: The maximum power dissipation is a function of Tj(max)> #ja. T*. The maximum allowable power dissipation at any ambient temperature is Pq = (Tj( ma x)- 
Ta)/0ja- 

Note 4: Human body model, 100 pF discharged through a 1.5 kfl resistor. 

Note 5: Typical values represent the most likely parametric norm. 

Note 6: All limits are guaranteed at room temperature (standard type face) or at operating temperature extremes (bold type face). 

Note 7: V+ = 15V, Vqm = 7.5V, and Rj_ connected to 7.5V. For Sourcing tests, 7.5V ^ Vq ^ 11.5V. For Sinking tests, 2.5V ^ Vo ^ 7.5V. 

Note 8: V+ = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 

Note 9: Input referred. V+ • = 15V and R|_ = 10 kn connected to V+/2. Each amp excited in turn with 1 kHz to produce Vo = 13 Vpp. 

Note 10: Do not connect output to V+, when V+ is greater than 13V or reliability may be adversely affected. 

Note 11: For operating at elevated temperatures the device must be derated based on the thermal resistance 0 ja with Pd = (Tj - Ta)/0ja- 
Note 12: All numbers apply for packages soldered directly into a PC board. 


i 


1 


1 
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Typical Performance Characteristics Vs = ±7.5 V,Ta = 25°C unless otherwise specified 
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Applications Hint 

Amplifier Topolgy 

The topology chosen for the LMC6034, shown in Figure 1, is 
unconventional (compared to general-purpose op amps) in 
that the traditional unity-gain buffer output stage is not used; 
instead, the output is taken directly from the output of the 
integrator, to allow a larger output swing. Since the buffer 
traditionally delivers the power to the load, while maintaining 
high op amp gain and stability, and must withstand shorts to 
either rail, these tasks now fall to the integrator. 

As a result of these demands, the integrator is a compound 
affair with an embedded gain stage that is doubly fed for- 
ward (via Cf and Cff) by a dedicated unity-gain compensa- 
tion driver. In addition, the output portion of the integrator is 
a push-pull configuration for delivering heavy loads. While 
sinking current the whole amplifier path consists of three 
gain stages with one stage fed forward, whereas while 
sourcing the path contains four gain stages with two fed 
forward. 



The large signal voltage gain while sourcing is comparable 
to traditional bipolar op amps, even with a 6000 load. The 
gain while sinking is higher than most CMOS op amps, due 
to the additional gain stage; however, under heavy load 
(6000) the gain will be reduced as indicated in the Electrical 
Characteristics. 

Compensating Input Capacitance 

The high input resistance of the LMC6034 op amps allows 
the use of large feedback and source resistor values without 
losing gain accuracy due to loading. However, the circuit will 
be especially sensitive to its layout when these large-value 
resistors are used. 

Every amplifier has some capacitance between each input 
and AC ground, and also some differential capacitance be- 
tween the inputs. When the feedback network around an 
amplifier is resistive, this input capacitance (along with any 
additional capacitance due to circuit board traces, the sock- 
et, etc.) and the feedback resistors create a pole in the 
feedback path. In the following General Operational Amplifi- 
er circuit, Figure 2 the frequency of this pole is 


27rCg Rp 

where Cg is the total capacitance at the inverting input, in- 
cluding amplifier input capcitance and any stray capacitance 
from the 1C socket (if one is used), circuit board traces, etc., 
and Rp is the parallel combination of Rp and Rin- This for- 
mula, as well as all formulae derived below, apply to invert- 
ing and non-inverting op-amp configurations. 

When the feedback resistors are smaller than a few kft, the 
frequency of the feedback pole will be quite high, since Cg 


is generally less than 1 0 pF. If the frequency of the feed- 
back pole is much higher than the “ideal” closed-loop band- 
width (the nominal closed-loop bandwidth in the absence of 
Cg), the pole will have a negligible effect on stability, as it 
will add only a small amount of phase shift. 

However, if the feedback pole is less than approximately 6 
to 10 times the “ideal” -3 dB frequency, a feedback ca- 
pacitor, Cp, should be connected between the output and 
the inverting input of the op amp. This condition can also be 
stated in terms of the amplifier’s low-frequency noise gain: 
To maintain stability a feedback capacitor will probably be 
needed if 


(^ + 1) ^ V6 X 2tt X GBW X Rp X Cg 

Hin 

where ( ~~ -hi) is the amplifier’s low-frequency noise 
\Rin / 

gain and GBW is the amplifier’s gain bandwidth product. An 
amplifier’s low-frequency noise gain is represented by the 

formula ( + 1 ) regardless of whether the amplifier is 
\H|N / 

being used in inverting or non-inverting mode. Note that a 
feedback capacitor is more likely to be needed when the 
noise gain is low and/or the feedback resistor is large. 

If the above condition is met (indicating a feedback capaci- 
tor will probably be needed), and the noise gain is large 
enough that: 

(-5^-+ 1 ) ^ 2VGBW X Rp X Cg, 

\R|n / 

the following value of feedback capacitor is recommended: 



If 


(^N +1 ) < 2l/GBW x R F X C S 


the feedback capacitor should be: 

-4 


Cp = 


Cs 


GBW X Rp 


Note that these capacitor values are usually significant 
smaller than those given by the older, more conservative 
formula: 


C F = 


CsRin 

Rf 



TL/H/1 1134-4 

FIGURE 2. General Operational Amplifier Circuit 

Cs consists of the amplifier’s input capacitance plus any stray capacitance 
from the circuit board and socket. Cp compensates for the pole caused by 
Cs and the feedback resistors. 


1 
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Applications Hint (Continued) 

Using the smaller capacitors will give much higher band- 
width with little degradation of transient response. It may be 
necessary in any of the above cases to use a somewhat 
larger feedback capacitor to allow for unexpected stray ca- 
pacitance, or to tolerate additional phase shifts in the loop, 
or excessive capacitive load, or to decrease the noise or 
bandwidth, or simply because the particular circuit imple- 
mentation needs more feedback capacitance to be suffi- 
ciently stable. For example, a printed circuit board’s stray 
capacitance may be larger or smaller than the bread- 
board’s, so the actual optimum value for Cp may be different 
from the one estimated using the breadboard. In most cas- 
es, the values of Cp should be checked on the actual circuit, 
starting with the computed value. 

Capacitive Load Tolerance 

Like many other op amps, the LMC6034 may oscillate when 
its applied load appears capacitive. The threshold of oscilla- 
tion varies both with load and circuit gain. The configuration 
most sensitive to oscillation is a unity-gain follower. See 
Typical Performance Characteristics. 

The load capacitance interacts with the op amp’s output 
resistance to create an additional pole. If this pole frequen- 
cy is sufficiently low, it will degrade the op amp’s phase 
margin so that the amplifier is no longer stable at low gains. 
As shown in Figure 3a, the addition of a small resistor (50ft 
to 100ft) in series with the op amp’s output, and a capacitor 
(5 pF to 10 pF) from inverting input to output pins, returns 
the phase margin to a safe value without interfering with 
lower-frequency circuit operation. Thus larger values of ca- 
pacitance can be tolerated without oscillation. Note that in 
all cases, the output will ring heavily when the load capaci- 
tance is near the threshold for oscillation. 



FIGURE 3a. Rx, Cx Improve Capacitive Load Tolerance 

Capacitive load driving capability is enhanced by using a pull 
up resistor to V+ {Figure 3b). Typically a pull up resistor 
conducting 500 juA or more will significantly improve capaci- 
tive load responses. The value of the pull up resistor must 
be determined based on the current sinking capability of the 
amplifier with respect to the desired output swing. Open 
loop gain of the amplifier can also be affected by the pull up 
resistor (see Electrical Characteristics). 


v+ 



TL/H/1 11 34-22 

FIGURE 3b. Compensating for Large Capacitive Loads 
with a Pull Up Resistor 


PRINTED-CIRCUIT-BOARD LAYOUT 
FOR HIGH-IMPEDANCE WORK 

It is generally recognized that any circuit which must oper- 
ate with less than 1 000 pA of leakage current requires spe- 
cial layout of the PC board. When one wishes to take advan- 
tage of the ultra-low bias current of the LMC6034, typically 
less than 0.04 pA, it is essential to have an excellent layout. 
Fortunately, the techniques for obtaining low leakages are 
quite simple. First, the user must not ignore the surface 
leakage of the PC board, even though it may sometimes 
appear acceptably low, because under conditions of high 
humidity or dust or contamination, the surface leakage will 
be appreciable. 

To minimize the effect of any surface leakage, lay out a ring 
of foil completely surrounding the LMC6034’s inputs and the 
terminals of capacitors, diodes, conductors, resistors, relay 
terminals, etc. connected to the op-amp's inputs. See Fig- 
ure 4. To have a significant effect, guard rings should be 
placed on both the top and bottom of the PC board. This PC 
foil must then be connected to a voltage which is at the 
same voltage as the amplifier inputs, since no leakage cur- 
rent can flow between two points at the same potential. For 
example, a PC board trace-to-pad resistance of 10 12 ft, 
which is normally considered a very large resistance, could 
leak 5 pA if the trace were a 5V bus adjacent to the pad of 
an input. This would cause a 100 times degradation from 
the LMC6034’s actual performance. However, if a guard 
ring is held within 5 mV of the inputs, then even a resistance 
of 1 0 1 1 ft would cause only 0.05 pA of leakage current, or 
perhaps a minor (2:1) degradation of the amplifier’s per- 
formance. See Figures 5a, 5b, 5c for typical connections of 
guard rings for standard op-amp configurations. If both in- 
puts are active and at high impedance, the guard can be 
tied to ground and still provide some protection; see Figure 
5d. 



TL/H/1 1134-6 

FIGURE 4. Example of Guard Ring in P.C. Board Layout 
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Application Hints (Continued) 


Cl 



(a) Inverting Amplifier 


R2 



(b) Non-Inverting Amplifier 



OUTPUT 

TL/H/1 1134-9 


R3 



FIGURE 5. Guard Ring Connections 

The designer should be aware that when it is inappropriate 
to lay out a PC board for the sake of just a few circuits, there 
is another technique which is even better than a guard ring 
on a PC board: Don’t insert the amplifier’s input pin into the 
board at ail, but bend it up in the air and use only air as an 
insulator. Air is an excellent insulator. In this case you may 


have to forego some of the advantages of PC board con- 
struction, but the advantages are sometimes well worth the 
effort of using point-to-point up-in-the-air wiring. See 
Figure 6. 


FEEDBACK 

CAPACITOR 



(Input pins are lifted out of PC board and soldered directly to components. 
All other pins connected to PC board.) 


FIGURE 6. Air Wiring 


BIAS CURRENT TESTING 

The test method of Figure 7 is appropriate for bench-testing 
bias current with reasonable accuracy. To understand its 
operation, first close switch S2 momentarily. When S2 is 
opened, then 


lb" = 


dVpUT 

dt 


X C2. 



FIGURE 7. Simple Input Bias Current Test Circuit 

A suitable capacitor for C2 would be a 5 pF or 10 pF silver 
mica, NPO ceramic, or air-dielectric. When determining the 
magnitude of lb~, the leakage of the capacitor and socket 
must be taken into account. Switch S2 should be left short- 
ed most of the time, or else the dielectric absorption of the 
capacitor C2 could cause errors. 

Similarly, if SI is shorted momentarily (while leaving S2 
shorted) 


lb + 


= dVom 
dt 


+ C X ) 


where C x is the stray capacitance at the + input. 
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Typical Single-Supply Applications (v+ = 5.0 vdq 


Additional single-supply applications ideas can be found in 
the LM324 datasheet. The LMC6034 is pin-for-pin compati- 
ble with the LM324 and offers greater bandwidth and input 
resistance over the LM324. These features will improve the 
performance of many existing single-supply applications. 
Note, however, that the supply voltage range of the 
LMC6034 is smaller than that of the LM324. 


Low-Leakage Sample-and-Hold 



Instrumentation Amplifier 



V 0 UT R2 + 2R1 R4 55 

-rr 1 = — ^ — x =r R3 = R6, 

V IN R2 R3 and R4 = R7. 

= 100 for circuit as shown. 

For good CMRR over temperature, low drift resistors should 
be used. Matching of R3 to R6 and R4 to R7 affect CMRR. 
Gain may be adjusted through R2. CMRR may be adjusted 
through R7. 


Sine-Wave Oscillator 



Oscillator frequency is determined by R1, R2, Cl, and C2: 
fosc = 1 /27rRC, where R = R1 = R2and 
C = Cl = C2. 

This circuit, as shown, oscillates at 2.0 kHz with a peak-to- 
peak output swing of 4.0V. 


1 Hz Square-Wave Oscillator 

R4 



Power Amplifier 
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Typical Single-Supply Applications <v+ = 5.0 vdo (continued) 


10 Hz Bandpass Filter 



Q = 2.1 
Gain = -8.8 


TL/H/11134-18 


10 Hz High-Pass Filter 



Gain = 1 

2 dB passband ripple 


1 Hz Low-Pass Filter 
(Maximally Flat, Dual Supply Only) 


R1 R4 



f c = 1 Hz 
d = 1.414 
Gain = 1.57 


TL/H/1 1134-19 


High Gain Amplifier with Offset 
Voltage Reduction 

R3 



TL/H/1 1134-21 




LMC6041 


National Semiconductor 

LMC6041 

CMOS Single Micropower Operational Amplifier 

General Description 

Ultra-low power consumption and low input-leakage current 
are the hallmarks of the LMC6041. Providing input currents 
of only 2 fA typical, the LMC6041 can operate from a single 
supply, has output swing extending to each supply rail, and 
an input voltage range that includes ground. 

The LMC6041 is ideal for use in systems requiring ultra-low 
power consumption. In addition, the insensitivity to latch-up, 
high output drive, and output swing to ground without requir- 
ing external pull-down resistors make it ideal for single-sup- 
ply battery-powered systems. 

Other applications for the LMC6041 include bar code reader 
amplifiers, magnetic and electric field detectors, and hand- 
held electrometers. 

This device is built with National’s advanced Double-Poly 
Silicon-Gate CMOS process. 

See the LMC6042 for a dual, and the LMC6044 for a quad 
amplifier with these features. 


Connection Diagram 

8-Pln DIP/SO 


NC 

INVERTING INPUT 

NON-INVERTING 
INPUT 

V- 

TL/H/1 1136-1 

Ordering Information 


Package 

Temperature Range 

NSC 

Drawing 

Transport 

Media 

Industrial 

— 40°C to +85°C 

8-Pin 

Small Outline 

LMC6041 AIM 

LMC6041IM 

M08A 

Rail 

Tape and Reel 

8-Pin 

Molded DIP 

LMC6041AIN 

LM6041IN 

N08E 

Rail 



Features 

■ Low supply current 14 jjl A (Typ) 

■ Operates from 4.5V to 1 5.5V single supply 

■ Ultra low input current 2 fA (Typ) 

■ Rail-to-rail output swing 

■ Input common-mode range includes ground 

Applications 

■ Battery monitoring and power conditioning 

■ Photodiode and infrared detector preamplifier 

■ Silicon based transducer systems 

■ Hand-held analytic instruments 

■ pH probe buffer amplifier 

■ Fire and smoke detection systems 

■ Charge amplifier for piezoelectric transducers 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 

Office/Distributors for availability and specifications. 

Differential Input Voltage ± Supply Voltage 

Supply Voltage (V + - V _ ) 16V 

Output Short Circuit to V - (Note 2) 

Output Short Circuit to V + (Note 1 1 ) 

Lead Temperature (Soldering, 1 0 sec.) 260°C 

Storage T emperature Range - 65°C to + 1 50°C 

Junction T emperature 1 1 0°C 

ESD Tolerance (Note 4) 500V 

Current at Input Pin ±5mA 

Current at Output Pin ±18 mA 

Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for Ta = Tj = 25°C. Boldface limits apply at the temperature extremes. 
V+ = 5V, V“ = 0V, Vqm — 1.5V, Vq = V+/2, and Ri_ > 1M unless otherwise specified. 





Typical 

LMC6041AI 

LMC6041I 

Units 






Symbol 

Parameter 

Conditions 

(Note 5) 

Limit 

Limit 

(Limit) 





(Note 6) 

(Note 6) 


Vos 

Input Offset Voltage 

1 

1 

3 

6 

mV 





3.3 

6.3 

max 

TCVos 

Input Offset Voltage 
Average Drift 


1.3 



jnV/°C 

IB 

Input Bias Current 


0.002 

4 

4 

pA 







max 

•os 

Input Offset Current 


0.001 

2 

2 

pA 

1 






max 

Rin 

Input Resistance 


>10 



TeraH 

CMRR 

Common Mode 

0V ^ V C m ^ 12.0V 

75 

68 

62 

dB 


Rejection Ratio 

V+ = 15V 


66 

60 

min 

+ PSRR 

Positive Power Supply 

5V <. 15V 

75 

68 

62 

dB 


Rejection Ratio 

V 0 = 2.5V 


66 

60 

min 

— PSRR 

Negative Power Supply 

ov^ v- ^ -10V 

94 

84 

74 



Rejection Ratio 

V 0 = 2.5V 


83 

73 


CMR 

Input Common-Mode 

V+ = 5V and 15V 

-0.4 

-0.1 

-0.1 

V 


Voltage Range 

for CMRR > 50 dB 


0 

0 

max 




V+ - 1.9V 



V 







min 

A V 

Large Signal 

R L = 100 kH (Note 7) 

Sourcing 

1000 

400 

300 

V/mV 


Voltage Gain 




300 

200 

min 




Sinking 

500 

180 

90 

V/mV 






120 

70 

min 



R l = 25 k a (Note 7) 


1000 


100 

V/mV 







80 

min 




Sinking 

250 

100 

50 

V/mV 






60 

40 

min 


Current at Power Supply Pin 
Voltage at Input/Output Pin 
Power Dissipation 

Operating Ratings 

Temperature Range 
LMC6041AI, LMC6041I 
Supply Voltage 
Power Dissipation 

Thermal Resistance (0ja) (Note 1 0) 
8-Pin DIP 
8-Pin SO 


35 mA 

(V+) + 0.3V, (V-) - 0.3V 
(Note 3) 


— 40°C ^ Tj ^ +85°C 
4.5V <; V + <; 15.5V 
(Note 9) 

101°C/W 
1 65°C/W 
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LMC6041 


Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Ta = Tj = 25°C. Boldface limits apply at the temperature extremes. 
V+ = 5V, V - = OV, Vqm = 1.5V, Vq = V+/2, and Rl > 1M unless otherwise specified. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 5) 

LMC6041AI 

LMC6041I 

Units 

(Limit) 


Limit 
(Note 6) 

Vo 

Output Swing 

s 

ii 

+ 

> 

4.987 

4.970 

4.940 

V 



R l = 100kntoV+/2 


4.950 

4.910 

min 




0.004 

0.030 

0.060 

V 





0.050 

0.090 

max 



V+ - 5V 

4.980 

4.920 

4.870 

V 



R l = 25 kntoV+/2 


4.870 

4.820 

min 




0.010 

0.080 

0.130 

V 





0.130 

0.180 

max 



V+ = 15V 

14.970 

14.920 

14.880 

V 



R l = 100kntoV+/2 


14.880 

14.820 

min 




0.007 

0.030 

0.060 

V 





0.050 

0.090 

max 



V+ = 15V 

14.950 

14.900 

14.850 

V 



R l = 25 kflto V+/2 


14.850 

14.800 

min 




0.022 

0.100 

0.150 

V 





0.150 

0.200 

max 

lsc 

Output Current 

Sourcing, Vq = OV 

22 


13 

mA 


V+ = 5V 




8 

min 



Sinking, Vo = 5V 

21 

16 

13 

mA 





8 

8 

min 

isc 

Output Current 

Sourcing, Vo = OV 

40 

15 

15 

mA 


V+ = 15V 



10 

10 

min 



Sinking, Vq = 13V 

39 

24 

21 

mA 



(Note 11) 


8 

8 

min 

Is 

Supply Current 

V 0 = 1.5V 

14 

20 

26 

juA 





24 

30 

max 



V+ = 15V 

18 

26 

34 

juA 





31 

39 

max 
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AC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Ta = Tj = 25°C. Boldface limits apply at the temperature extremes. V+ = 
5V, V~ = OV, Vcm = 1.5V, Vq = V+/2, and R|_ > 1M unless otherwise specified. 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LMC6041AI 

LMC6041I 

Units 

(Limit) 

Limit 
(Note 6) 

Limit 
(Note 6) 

SR 

Slew Rate 

(Note 8) 

0.02 

0.015 

O.OIO 

0.010 

0.007 

V/ /AS 
min 

GBW 

Gain-Bandwidth Product 


75 



kHz 


Phase Margin 


60 



Deg 

e n 

Input-Referred 

Voltage Noise 

F = 1 kHz 

83 



nV/l/Hz 

•n 

Input-Referred 

Current Noise 

F = 1 kHz 

0.0002 



pA/l/Hz 

T.H.D. 

Total Harmonic? 

Distortion 

F = 1 kHz, A v = -5 

R L = 100 kn, V 0 = 2 V pp 
± 5V Supply 

0.01 



% 


Note 1: Absolute Maxium Ratings indicate limits beyond which damage to the device may occur. Operating conditions indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 

Note 2: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 110°C. Output currents in excess of ±30 mA over long term may adversely affect reliability. 

Note 3: The maximum power dissipation is a function of Tj( maX ), 0ja> and Ta- The maximum allowable power dissipation at any ambient temperature is Pq = 
0"j(max) — Ta)/«ja- 

Note 4: Human body model, 1.5 kft in series with 100 pF. 

Note 5: Typical Values represent the most likely parametric norm. 

Note 6: All limits are guaranteed at room temperature (standard type face) or at operating temperature extremes (bold face type). 

Note 7: V+ = 15V, Vqm = 7.5V and Rt_ connected to 7.5 V. For Sourcing tests, 7.5V £ Vq ^ 11.5V. For Sinking tests, 2.5V £ Vo <. 7.5V. 

Note 8: V+ = 15V. Connected as Voltage Follower with 10V step input. Number specified in the slower of the positive and negative slew rates. 

Note 9: For operating at elevated temperatures the device must be derated based on the thermal resistance 0ja with Pd = (Tj - Ta)/0ja- 
Note 10: All numbers apply for packages soldered directly into a PC board. 

Note 11: Do not connect output to V+ when V+ is greater than 13V or reliability may be adversely affected. 


1 
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OUTPUT VOLTAGE 

REFERENCED TO POSITIVE SUPPLY (V) INPUT BIAS CURRENT (pA) 


Typical Performance Characteristics v s = ± 7.sv,t a 


i°C unless otherwise specified 


Supply Current vs 
Supply Voltage 



0 2 4 6 8 10 12 14 16 

SUPPLY VOLTAGE (V) 

Input Bias Current 
vs Input Common-Mode 
Voltage 



-75 -6 -45 -3 -15 0 15 3 45 6 75 
INPUT COMMON-MODE VOLTAGE (V) 


Offset Voltage vs 
Temperature of Five 
Representative Units 



-GO -40 -20 0 20 40 60 80 100 

TEMPERATURE (°C) 

Input Common-Mode 
Voltage Range vs 
Temperature 
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TEMPERATURE (°C) 


Input Bias Current 
vs Temperature 
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Output Characteristics 
Current Sinking 
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0501 051 0.1 1 10 100 

OUTPUT SINK CURRENT (mA) 


Output Characteristics 
Current Sourcing 


0501 051 0.1 1 10 100 

OUTPUT SOURCE CURRENT (mA) 


Input Voltage Noise 
vs Frequency 



10 100 Ik 

FREQUENCY (Hz) 


Power Supply Rejection 
Ratio vs Frequency 



g 40 l V* SUPPLY 


10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 

TL/H/1 1136-2 
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(8P) NIVO 30V110A (A^) S0 AV 


Typical Performance Characteristics Vs = ± 7.5V, T a = 25°C unless otherwise specified (Continued) 


CMRR vs Frequency 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 

Open-Loop 
Frequency Response 



-20 1 I I I I I I I I— »— I 

0.0010.01 0.1 1 10 100 1 k 1 0k 1 00k 1 M 


Gain Error 

(Vqs vs Vqut) 


- 













£ 


















R|_ = 100k — 

■r ri T 

= 25k " 


-10 -7.5 -5 -2.5 0 2.5 5 7.5 10 

V 0UT (VOLTS) 


CMRR vs Temperature 



-40 -20 0 20 40 60 

TEMPERATURE (°C) 

Gain and Phase 
Responses vs 
Load Capacitance 




CL-ZSpf 

ffiillir 


Ik 10k 100k 1M 

FREQUENCY (Hz) 

Common-Mode Error vs 
Common-Mode Voltage of 
Three Representative Units 



-6 -4 -2 0 2 4 6 

COMMON MODE VOLTAGE (V) 


Open-Loop Voltage Gain 
vs Temperature 



-50 -25 0 25 50 75 100 

TEMPERATURE (°C) 

Gain and Phase 
Responses vs 
Temperature 


-il0OC TWXr +85 ° c 45 


Ik 10k 100k 

FREQUENCY (Hz) 

Non-Inverting 
Slew Rate 
vs Temperature 



-40 -20 0 20 40 60 

TEMPERATURE (°C) 


PHASE (DEGREES) 




OUTPUT VOLTAGE (V) INPUT VOLTAGE (V) 


Typical Performance Characteristics Vs = +7.5V, Ta = 25°C unless otherwise specified (Continued) 



Inverting Slew Rate 
vs Temperature 



TEMPERATURE (°C) 


Inverting Large-Signal 
Pulse Response 



0 100200300400500600700800900 
TIME (aS) 


Non-Inverting Large 
Signal Pulse Response 


(A V =+1) 



0 100200300400500600700800900 


TIME (jjlS) 

Inverting Small Signal 



Stability vs 
Capacitive Load 
(A v = ±10) 



-1 -0.01 0 0.01 1 
SINKING SOURCING 

LOAD CURRENT (mA) 


Non-Inverting Small 



O 0 10 20 30 40 50 60 70 80 


TIME (aS) 


Stability vs 
Capacitive Load 
(A V = +D 



-1 -0.01 0 0.01 1 
SINKING SOURCING 

LOAD CURRENT (mA) 
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Applications Hints 

AMPLIFIER TOPOLOGY 

The LMC6041 incorporates a novel op-amp design topology 
that enables it to maintain rail-to-rail output swing even 
when driving a large load. Instead of relying on a push-pull 
unity gain output buffer stage, the output stage is taken di- 
rectly from the internal integrator, which provides both low 
output impedance and large gain. Special feed-forward 
compensation design techniques are incorporated to main- 
tain stability over a wider range of operating conditions than 
traditional micropower op-amps. These features make the 
LMC6041 both easier to design with, and provide higher 
speed than products typically found in this ultra-low power 
class. 

COMPENSATING FOR INPUT CAPACITANCE 

It is quite common to use large values of feedback resist- 
ance with amplifiers with ultra-low input current, like the 
LMC6041 . 

Although the LMC6041 is highly stable over a wide range of 
operating conditions, certain precautions must be met to 
achieve the desired pulse response when a large feedback 
resistor is used. Large feedback resistors and even small 
values of input capacitance, due to transducers, photodi- 
odes, and circuits board parasitics, reduce phase margins. 
When high input impedance are demanded, guarding of the 
LMC6041 is suggested. Guarding input lines will not only 
reduce leakage, but lowers stray input capacitance as well. 
(See Printed-Circuit-Board Layout for High Impedance 
Work.) 


Cf 



FIGURE 1. Cancelling the Effect of Input Capacitance 

The effect of input capacitance can be compensated for by 
adding a capacitor. Adding a capacitor, Cf, around the feed- 
back resistor (as in Figure 1 ) such that: 

1 1 
27tR i Cin 27tR 2 Cf 

or 

Rl C| N ^ R 2 C f 

Since it is often difficult to know the exact value of Cin, Cf 
can be experimentally adjusted so that the desired pulse 
response is achieved. Refer to the LMC660 and the 
LMC662 for a more detailed discussion on compensating 
for input capacitance. 


CAPACITIVE LOAD TOLERANCE 

Direct capacitive loading will reduce the phase margin of 
many op-amps. A pole in the feedback loop is created by 
the combination of the op-amp’s output impedance and the 
capacitive load. This pole induces phase lag at the unity- 
gain crossover frequency of the amplifier resulting in either 
an oscillatory or underdamped pulse response. With a few 
external components, op amps can easily indirectly drive 
capacitive loads, as shown in Figure 2a. 

+v 



FIGURE 2a. LMC6041 Noninverting Gain of 10 Amplifier, 
Compensated to Handle Capacitive Loads 

In the circuit of Figure 2a, Rl and Cl serve to counteract 
the loss of phase margin by feeding the high frequency 
component of the output signal back to the amplifier’s in- 
verting input, thereby preserving phase margin in the overall 
feedback loop. 

Capacitive load driving capability is enhanced by using a pull 
up resistor to V+ {Figure 2b). Typically a pull up resistor 
conducting 10 julA or more will significantly improve capaci- 
tive load responses. The value of the pull up resistor must 
be determined based on the current sinking capability of the 
amplifier with respect to the desired output swing. Open 
loop gain of the amplifier can also be affected by the pull up 
resistor (see Electrical Characteristics). 

v+ 

it>4- 

“ TL/H/1 1136-18 

FIGURE 2b. Compensating for Large 
Capacitive Loads with a Pull Up Resistor 
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Application Hints (Continued) 

PRINTED-CIRCUIT-BOARD LAYOUT 
FOR HIGH-IMPEDANCE WORK 

It is generally recognized that any circuit which must oper- 
ate with less than 1000 pA of leakage current requires spe- 
cial layout of the PC board. When one wishes to take advan- 
tage of the ultra-low bias current of the LMC6041 , typically 
less than 2fA, it is essential to have an excellent layout. 
Fortunately, the techniques of obtaining low leakages are 
quite simple. First, the user must not ignore the surface 
leakage of the PC board, even though it may sometimes 
appear acceptably low, because under conditions of high 
humidity or dust or contamination, the surface leakage will 
be appreciable. 

To minimize the effect of any surface leakage, lay out a ring 
of foil completely surrounding the LMC6041 ’s inputs and the 
terminals of capacitors, diodes, conductors, resistors, relay 
terminals, etc. connected to the op-amp’s inputs, as in Fig- 
ure 3. To have a significant effect, guard rings should be 
placed on both the top and bottom of the PC board. This PC 
foil must then be connected to a voltage which is at the 
same voltage as the amplifer inputs, since no leakage cur- 
rent can flow between two points at the same potential. For 
example, a PC board trace-to-pad resistance of 10 12 n, 
which is normally considered a very large resistance, could 
leak 5 pA if the trace were a 5V bus adjacent to the pad of 
the input. This would cause a 100 times degradation from 
the LMC6041’s actual performance. However, if a guard 
ring is held within 5 mV of the inputs, then even a resistance 
of 10Hft would cause only 0.05 pA of leakage current. See 
Figures 4a, 4b, 4c for typical connections of guard rings for 
standard op-amp configurations. 



TL/H/1 1136-7 

FIGURE 3. Example of Guard Ring in P.C. Board Layout 


ci 



TL/H/1 1136-8 

(a) Inverting Amplifier 


(b) Follower 


TL/H/1 11 36-9 




TL/H/1 1136-10 

(c) Non-Inverting Amplifier 
FIGURE 4. Typical Connections of Guard Rings 


The designer should be aware that when it is inappropriate 
to lay out a PC board for the sake of just a few circuits, there 
is another technique which is even better than a guard ring 
on a PC board: Don’t insert the amplifier’s input pin into the 
board at all, but bend it up in the air and use only air as an 
insulator. Air is an excellent insulator In this case you may 
have to forego some of the advantages of PC board con- 
struction, but the advantages are sometimes well worth the 
effort of using point-to-point up-in-the-air wiring. See 
Figure 5. 


FEEDBACK 

CAPACITOR 



(Input pins are lifted out of PC board and soldered directly to components. 
All other pins connected to PC board.) 

FIGURE 5. Air Wiring 
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Typical Single-Supply Applications 

(V+ = 5.0 Vdc) 

The extremely high input impedance, and low power con- 
sumption, of the LMC6041 make it ideal for applications that 
require battery-powered instrumentation amplifiers. Exam- 
ples of these type of applications are hand-held pH probes, 
analytic medical instruments, magnetic field detectors, gas 
detectors, and silicon based pressure transducers. 


0.047F R 0 



TL/H/11136-12 

FIGURE 6. Two Op-Amp Instrumentation Amplifier 


The circuit in Figure 6 is recommended for applications 
where the common-mode input range is relatively low and 
the differential gain will be in the range of 1 0 to 1 000. This 
two op-amp instrumentation amplifier features an indepen- 
dent adjustment of the gain and common-mode rejection 
trim, and a total quiescent supply current of less than 28 ju,A. 
To maintain ultra-high input impedance, it is advisable to 
use ground rings and consider PC board layout an important 
part of the overall system design (see Printed-Circuit-Board 
Layout for High Impedance Work). Referring to Figure 6, the 
input voltages are represented as a common-mode input 
Vcm P^s a differential input Vp. 


Rejection of the common-mode component of the input is 
accomplished by making the ratio of R1/R2 equal to R3/ 
R4. So that where, 

R3 = R2 
R4 R1 


• ( R3 
i ( 1 + R4 


A suggested design guideline is to minimize the difference 
of value between R1 through R4. This will often result in 
improved resistor tempco, amplifier gain, and CMRR over 
temperature. If RN = R1 = R2 = R3 = R4 then the gain 
equation can be simplified: 

V 0U T = 2( 1 +^)v d 

Due to the “zero-in, zero-out” performance of the 
LMC6041, and output swing rail-rail, the dynamic range is 
only limited to the input common-mode range of 0 V to Vs - 
2.3V, worst case at room temperature. This feature of the 
LMC6041 makes it an ideal choice for low-power instrumen- 
tation systems. 

A complete instrumentation amplifier designed for a gain of 
100 is shown in Figure 7. Provisions have been made for 
low sensitivity trimming of CMRR and gain. 
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Typical Single-Supply Applications <v+ = 5.0 v DC ) (continued) 



TL/H/1 1136-14 

FIGURE 8. Low-Leakage Sample and Hold 


R4 



TL/H/1 11 36- 16 

FIGURE 10. 1 Hz Square-Wave Oscillator 



TL/H/1 1136-15 

FIGURE 9. Instrumentation Amplifier 


R4 



TL/H/1 1136-17 

FIGURE 1 1. AC Coupled Power Amplifier 
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National Semiconductor 


LMC6042 

CMOS Dual Micropower Operational Amplifier 


General Description 

Ultra-low power consumption and low input-leakage current 
are the hallmarks of the LMC6042. Providing input currents 
of only 2 fA typical, the LMC6042 can operate from a single 
supply, has output swing extending to each supply rail, and 
an input voltage range that includes ground. 

The LMC6042 is ideal for use in systems requiring ultra-low 
power consumption. In addition, the insensitivity to latch-up, 
high output drive, and output swing to ground without requir- 
ing external pull-down resistors make it ideal for single-sup- 
ply battery-powered systems. 

Other applications for the LMC6042 include bar code reader 
amplifiers, magnetic and electric field detectors, and hand- 
held electrometers. 

This device is built with National’s advanced Double-Poly 
Silicon-Gate CMOS process. 

See the LMC6041 for a single, and the LMC6044 for a quad 
amplifier with these features. 


Features 

■ Low supply current 10 /nA/Amp (typ) 

■ Operates from 4.5V to 1 5 V single supply 

■ Ultra low input current 2 fA (typ) 

■ Rail-to-rail output swing 

■ Input common-mode range includes ground 

Applications 

■ Battery monitoring and power conditioning 

■ Photodiode and infrared detector preamplifier 

■ Silicon based transducer systems 

■ Hand-held analytic instruments 

■ pH probe buffer amplifier 

■ Fire and smoke detection systems 

■ Charge amplifier for piezoelectric transducers 


Connection Diagram 


8-Pin DIP/SO 



TL/H/1 1137-1 


Ordering Information 


Package 

Temperature 

Range 

NSC 

Drawing 

Transport 

Media 

Industrial 

— 40°C to +85°C 

8-Pin 

Small Outline 

LMC6042AIM 

LMC6042IM 

M08A 

Rail 

Tape and Reel 

8-Pin 

Molded DIP 

LMC6042AIN 

LMC6042IN 

N08E 

Rail 


& 
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Absolute Maximum Ratings (Notei) 


If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Differential Input Voltage ± Supply Voltage 

Supply Voltage (V+ - V~) 16V 


Output Short Circuit to V + 
Output Short Circuit to V~ 


(Note 1 2) 
(Note 2) 


Lead Temperature 
(Soldering, 10 seconds) 
Current at Input Pin 
Current at Output Pin 
Current at Power Supply Pin 


260°C 
±5mA 
±18 mA 
35 mA 


Power Dissipation 
Storage Temperature Range 
Junction Temperature (Note 3) 
ESD Tolerance (Note 4) 
Voltage at Input/Output Pin 

Operating Ratings 

Temperature Range 
LMC6042AI, LMC6042I 
Supply Voltage 
Power Dissipation 


(Note 3) 
— 65°Cto + 1 50°C 
110°C 
500V 

(V+) + 0.3V, (V-) - 0.3V 


— 40°C Tj <£ + 85°C 
4.5V <; V+ <; 15.5V 
(Note 10) 


Thermal Resistance (0ja), (Note 11) 
8-Pin DIP 
8-Pin SO 


101 o C/W 
1 65°C/W 


Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Ta = Tj = 25°C. Boldface limits apply at the temperature extremes. 
V+ = 5V, V^ = 0V, V C M = 1.5V, V 0 = V+/2 and R L > 1M unless otherwise specified. 






Typical 

LMC6042AI 

LMC6042I 

Units 







Symbol 

Parameter 

Conditions 


(Note 5) 

Limit 

Limit 

(Limit) 






(Note 6) 

(Note 6) 


Vos 

Input Offset Voltage 



1 

3 ' 

6 

mV 






3.3 

6.3 

Max 

TCV 0S 

Input Offset Voltage 
Average Drift 


1.3 



juV/°C 

•b 

Input Bias Current 


0.002 

4 

4 

pA (Max) 

•os 

Input Offset Current 


0.001 

2 

2 

pA (Max) 

Rin 

Input Resistance 


>10 



Terafl 

CMRR 

Common Mode 

0V <; V C M ^ 12.0V 


75 

68 

62 

dB 


Rejection Ratio 

V+ = 15V 



66 

60 

Min 

+ PSRR 

Positive Power Supply 


■ 

75 

68 

62 

dB 


Rejection Ratio 




66 

60 

Min 

— PSRR 

Negative Power Supply 

ov<£ v- <; -lov 


94 

84 

74 

dB 


Rejection Ratio 

V 0 = 2.5V 



83 

73 

Min 

CMR 

Input Common-Mode 

V+ = 5V and 15V 


-0.4 

-0.1 

-0.1 

V 


Voltage Range 

For CMRR > 50 dB 



0 

0 

Max 





V+-1.9V 

V+ - 2.3V 

V+ - 2.3V 

V 






V+ - 2.5V 

V+ - 2.4V 

Min 

Av 

Large Signal 

R l = 1 00 kft (Note 7) 

Sourcing 

1000 

400 

300 

V/mV 


Voltage Gain 




300 

200 

Min 




Sinking 















R l = 25 kft (Note 7) 

Sourcing 


200 

100 

V/mV 





■ 

160 

80 

Min 




Sinking 

250 

100 

50 

V/mV 






60 

40 

Min 
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Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Ta = Tj = 25°C. Boldface limits apply at the temperature extremes. 
V+ = 5V, V~ = OV, Vcm = 1.5V, Vq = V+/2 and Rl > 1M unless otherwise specified. (Continued) 


Symbol 

Parameter 

Conditions 

Typical 
(Note 5) 

LMC6042AI 

LMC6042I 

Units 

(Limit) 

Limit 
(Note 6) 

Limit 
(Note 6) 

Vo 

Output Swing 

V+ = 5V 

4.987 

4.970 

4.940 

V 



R l = 100kntoV+/2 


4.950 

4.910 

Min 




0.004 

0.030 

0.060 

V 





0.050 

0.090 

Max 



> 

in 

II 

+ 

> 

4.980 

4.920 

4.870 

V 



R l = 25 kfl to V + /2 


4.870 

4.820 

Min 




0.010 

0.080 

0.130 

V 





0.130 

0.180 

Max 



V+ = 15V 

14.970 

14.920 

14.880 

V 



R|_ = 100kntoV + /2 


14.880 

14.820 

Min 




0.007 

0.030 

0.060 

V 





0.050 

0.090 

Max 



V+ = 15V 

14.950 

14.900 

14.850 

V 



R l = 25knt0V+/2 


14.850 

14.800 

Min 




0.022 

0.100 

0.150 

V 





0.150 

0.200 

Max 

•sc 

Output Current 

Sourcing, Vo = OV 

22 

16 

13 

mA 


V+ = 5V 



10 

8 

Min 



Sinking, Vq = 5V 

21 

16 

13 

mA 





8 

8 

Min 

•sc 

Output Current 

Sourcing, Vo = OV 

40 

15 

15 

mA 


V+ = 15V 



10 

10 

Min 



Sinking, V 0 = 13V 

39 

24 

21 

mA 



(Note 12) 


8 

8 

Min 

Is 

Supply Current 

Both Amplifiers 

20 

34 

45 

juA 



V 0 = 1.5V 


39 

50 

Max 



Both Amplifiers 

26 

44 

56 

julA 



V+ = 15V 


51 

65 

Max 
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AC Electrical Characteristics 

Unless otherwise specified, all lirhits guaranteed for Ta - Tj = 25°C. Boldface limits apply at the temperature extremes. 
V + = 5V, V“ = OV, Vqm = 1.5V, Vq = V+/2 and R|_ > 1M unless otherwise specified. 





Typ 

(Note 5) 

LMC6042AI 

LMC6042I 

Units 

(Limit) 

Symbol 

Parameter 

Conditions 

Limit 
(Note 6) 

Limit 
(Note 6) 

SR 

Slew Rate 

(Note 8) 

0.02 

0.015 

O.OIO 

0.010 

0.007 

V/jms 

Min 

GBW 

Gain-Bandwidth Product 


100 



kHz 


Phase Margin 


60 



Deg 


Amp-to-Amp Isolation 

(Note 9) 

115 



dB 


Input-Referred 

Voltage Noise 

f = 1 kHz 

83 



nV/yTlz 

•n 

Input-Referred 

Current Noise 

f = 1 kHz 

0.0002 



pA/^Hz 

T.H.D. 

Total Harmonic Distortion 

f = 1 kHz. A v = -5 

r l = ioo ka, v 0 = 2 Vpp 

± 5V Supply 

0.01 



% 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Conditions indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 

Note 2: Applies to both single-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the maximum allowed 
junction temperature of 110°C. Output currents in excess of ±30 mA over long term may adversely affect reliability. 

Note 3: The maximum power dissipation is a function of Tj(Max). 0 ja. and Ta- The maximum allowable power dissipation at any ambient temperature is 
Pd = Oj(Max) ~ Ta)/0j A . 

Note 4: Human body model, 1.5 kft in series with 100 pF. 

Note 5: Typical values represent the most likely parametric norm. 

Note 6: All limits are guaranteed at room temperature (standard type face) or at operating temperature extremes (bold face type). 

Note 7: V+ = 15V, V C m = 7.5V and R L connected to 7.5V. For Sourcing tests, 7.5V <; V 0 <; 11.5V. For Sinking tests, 2.5V £ V Q <; 7.5 V. 

Note 8: V+ = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 

Note 9: Input referred V+ = 15V and Rl = 100 kft connected to V+/2. Each amp excited in turn with 100 Hz to produce Vo = 12 Vpp. 

Note 10: For operating at elevated temperatures the device must be derated based on the thermal resistance 0ja with Pd = (Tj - Ta)/0ja- 
Note 11: All numbers apply for packages soldered directly into a PC board. 

Note 12: Do not connect output to V+ when V+ is greater than 13V or reliability may be adversely affected. 
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OUPUT VOLTAGE 

CMMR (dB) REFERENCED TO POSITIVE SUPPLY (V) INPUT BIAS CURRENT (pA) 


Typical Performance Characteristics Vs = ± 7.5V, Ta = 25°C unless otherwise specified 


Supply Current vs 
Supply Voltage 



0 2 4 6 8 10 12 14 16 

SUPPLY VOLTAGE (V) 

Input Bias Current 
vs Input Common-Mode 
Voltage 
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Offset Voltage vs 
Temperature of Five 
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Input Bias Current 
vs Temperature 
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Output Characteristics 
Current Sinking 


t 05001 

§ 0501 051 0.1 1 10 100 

OUTPUT SINK CURRENT (mA) 


Output Characteristics 
Current Sourcing 



0.1 

= E 




: +15V 

051 


,jt 



: I ♦ 5v 

0501 

|f 


05001 

5 

in 


0501 051 0.1 1 10 100 

OUTPUT SOURCE CURRENT (mA) 


Input Voltage Noise 
vs Frequency 
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FREQUENCY (Hz) 


Crosstalk Rejection 
vs Frequency 



1 10 100 Ik 10k 

FREQUENCY (Hz) 


CMRR vs Frequency 
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FREQUENCY (Hz) 


CMRR vs Temperature 
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TEMPERATURE (°C) 


Power Supply Rejection 
Ratio vs Frequency 



10 100 Ik 10k 100k 1M 
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Typical Performance Characteristics 

Vs = +7.5V, Ta = 25°C unless otherwise specified (Continued) 


Open-Loop Voltage 
Gain vs Temperature 

150 1 1 1 1 1 r— 



100 
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% 80 
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TEMPERATURE (°C) 


Open-Loop 
Frequency Response 
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Gain and Phase 
Response vs 
Temperature 



Gain Error 
(VosVSVqut) 
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Gain and Phase 
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Typical Performance Characteristics 

Vs = ± 7.5V, Ta = 25°C unless otherwise specified (Continued) 

Stability vs Capacitive Load 
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Applications Hints 

AMPLIFIER TOPOLOGY 

The LMC6042 incorporates a novel op-amp design topology 
that enables it to maintain rail-to-rail output swing even 
when driving a large load. Instead of relying on a push-pull 
unity gain output buffer stage, the output stage is taken di- 
rectly from the internal integrator, which provides both low 
output impedance and large gain. Special feed-forward 
compensation design techniques are incorporated to main- 
tain stability over a wider range of operating conditions than 
traditional micropower op-amps. These features make the 
LMC6042 both easier to design with, and provide higher 
speed than products typically found in this ultra-low power 
class. 

COMPENSATING FOR INPUT CAPACITANCE 

It is quite common to use large values of feedback resist- 
ance with amplifiers with ultra-low input curent, like the 
LMC6042. 

Although the LMC6042 is highly stable over a wide range of 
operating conditions, certain precautions must be met to 
achieve the desired pulse response when a large feedback 
resistor is used. Large feedback resistors and even small 
values of input capacitance, due to transducers, photo- 
diodes, and circuit board parasitics, reduce phase margins. 
When high input impedances are demanded, guarding of 
the LMC6042 is suggested. Guarding input lines will not only 
reduce leakage, but lowers stray input capacitance as well. 
(See Printed-Circuit-Board Layout for High Impedance 
Work). 


c f 



FIGURE 1. Cancelling the Effect of Input Capacitance 


The effect of input capacitance can be compensated for by 
adding a capacitor. Place a capacitor, Cf, around the feed- 
back resistor (as in Figure 1 ) such that: 

1 1 
27tR1 C|n 2ttR 2 Cf 
or 

R1 C|n ^ R2 Cf 

Since it is often difficult to know the exact value of Cin, Cf 
can be experimentally adjusted so that the desired pulse 
response is achieved. Refer to the LMC660 and the 
LMC662 for a more detailed discussion on compensating 
for input capacitance. 

CAPACITIVE LOAD TOLERANCE 

Direct capacitive loading will reduce the phase margin of 
many op-amps. A pole in the feedback loop is created by 
the combination of the op-amp’s output impedance and the 
capacitive load. This pole induces phase lag at the unity- 
gain crossover frequency of the amplifier resulting in either 
an oscillatory or underdamped pulse response. With a few 
external components, op amps can easily indirectly drive 
capacitive loads, as shown in Figure 2a. 

*v 



FIGURE 2a. LMC6042 Noninverting Gain of 10 Amplifier, 
Compensated to Handle Capacitive Loads 


i 


1 
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Applications Hints (Continued) 

In the circuit of Figure 2a, R1 and Cl serve to counteract 
the loss of phase margin by feeding the high frequency 
component of the output signal back to the amplifier’s in- 
verting input, thereby preserving phase margin in the overall 
feedback loop. 

Capacitive load driving capability is enhanced by using a 
pull up resistor to V+ (Figure 2b). Typically a pull up resistor 
conducting 10 julA or more will significantly improve capaci- 
tive load responses. The value of the pull up resistor must 
be determined based on the current sinking capability of the 
amplifier with respect to the desired output swing. Open 
loop gain of the amplifier can also be affected by the pull up 
resistor (see Electrical Characteristics). 


v+ 



“ TL/H/11137-18 

FIGURE 2b. Compensating for Large 
Capacitive Loads with a Pull Up Resistor 

PRINTED-CIRCUIT-BOARD LAYOUT FOR 
HIGH-IMPEDANCE WORK 

It is generally recognized that any circuit which must oper- 
ate with less than 1000 pA of leakage current requires spe- 
cial layout of the PC board. When one wishes to take advan- 
tage of the ultra-low bias current of the LMG6042, typically 
less than 2 fA, it is essential to have an excellent layout. 
Fortunately, the techniques of obtaining low leakages are 
quite simple. First, the user must not ignore the surface 
leakage of the PC board, even though it may sometimes 
appear acceptably low, because under conditions of high 
humidity or dust or contamination, the surface leakage will 
be appreciable. 

To minimize the effect of any surface leakage, lay out a ring 
of foil completely surrounding the LMC6042’s inputs and the 
terminals of capacitors, diodes, conductors, resistors, relay 
terminals etc. connected to the op-amp’s inputs, as in Fig- 
ure 3. To have a significant effect, guard rings should be 
placed on both the top and bottom of the PC board. This PC 
foil must then be connected to a voltage which is at the 
same voltage as the amplifier inputs, since no leakage cur- 
rent can flow between two points at the same potential. For 
example, a PC board trace-to-pad resistance of 10 12 ft, 
which is normally considered a very large resistance, could 
leak 5 pA if the trace were a 5V bus adjacent to the pad of 
the input. This would cause a 100 times degradation from 
the LMC6042’s actual performance. However, if a guard 
ring is held within 5 mV of the inputs, then even a resistance 
of lO^fl would cause only 0.05 pA of leakage current. See 
Figures 4a, 4b, 4c for typical connections of guard rings for 
standard op-amp configurations. 



TL/H/1 1137-7 

FIGURE 3. Example of Guard Ring 
in P.C. Board Layout 


ci 



(a) Inverting Amplifier 


R2 
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(c) Follower 

FIGURE 4. Typical Connections of Guard Rings 
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Application Hints (Continued) 

The designer should be aware that when it is inappropriate 
to lay out a PC board for the sake of just a few circuits, there 
is another technique which is even better than a guard ring 
on a PC board: Don’t insert the amplifier’s input pin into the 
board at all, but bend it up in the air and use only air as an 
insulator. Air is an excellent insulator. In this case you may 
have to forego some of the advantages of PC board con- 
struction, but the advantages are sometimes well worth the 
effort of using point-to-point up-in-the-air wiring. See 
Figure 5. 


FEEDBACK 

CAPACITOR 



(Input pins are lifted out of PC board and soldered directly to components. 
All other pins connected to PC board.) 


FIGURE 5. Air Wiring 

Typical Single-Supply Applications 

(V+ = 5.0 V DC ) 

The extremely high input impedance, and low power con- 
sumption, of the LMC6042 make it ideal for applications that 
require battery-powered instrumentation amplifiers. Exam- 
ples of these types of applications are hand-held pH probes, 
analytic medical instruments, magnetic field detectors, gas 
detectors, and silicon based pressure transducers. 


The circuit in Figure 6 is recommended for applications 
where the common-mode input range is relatively low and 
the differential gain will be in the range of 1 0 to 1 000. This 
two op-amp instrumentation amplifier features an indepen- 
dent adjustment of the gain and common-mode rejection 
trim, and a total quiescent supply current of less than 20 juA 
To maintain ultra-high input impedance, it is advisable to 
use ground rings and consider PC board layout an important 
part of the overall system design (see Printed-Circuit-Board 
Layout for High Impedance Work). Referring to Figure 6, the 
input voltages are represented as a common-mode input 
Vqm plus a differential input Vq. 

Rejection of the common-mode component of the input is 
accomplished by making the ratio of R1/R2 equal to 
R3/R4. So that where, 

R3 _ R2 

R4 “ R1 


w R4 / R3 R2 + R3\ 
0UT ~ R3 l 1 + R4 + R0 ) Vd 


A suggested design guideline is to minimize the difference 
of value between R1 through R4. This will often result in 
improved resistor tempco, amplifier gain, and CMRR over 
temperature. If RN = R1 = R2 = R3 = R4 then the gain 
equation can be simplified: 


VOUT = 2 ( 1 + ^) V ° 


Due to the “zero-in, zero-out” performance of the 
LMC6042, and output swing rail-rail, the dynamic range is 
only limited to the input common-mode range of 0V to 
Vs - 2.3 V, worst case at room temperature. This feature of 
the LMC6042 makes it an ideal choice for low-power instru- 
mentation systems. 

A complete instrumentation amplifier designed for a gain of 
100 is shown in Figure 7. Provisions have been made for 
low sensitivity trimming of CMRR and gain. 
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Typical Single-Supply Applications tv+ = 5.0 v DC ) (continued) 





FIGURE 9. Instrumentation Amplifier 
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National Semiconductor 


LMC6044 CMOS Quad 
Micropower Operational Amplifier 


General Description 

Ultra-low power consumption and low input-leakage current 
are the hallmarks of the LMC6044. Providing input currents 
of only 2 fA typical, the LMC6044 can operate from a single 
supply, has output swing extending to each supply rail, and 
an input voltage range that includes ground. 

The LMC6044 is ideal for use in systems requiring ultra-low 
power consumption. In addition, the insensitivity to latch-up, 
high output drive, and output swing to ground without requir- 
ing external pull-down resistors make it ideal for single-sup- 
ply battery-powered systems. 

Other applications for the LMC6044 include bar code reader 
amplifiers, magnetic and electric field detectors, and hand- 
held electrometers. 

This device is built with National’s advanced Double-Poly 
Silicon-Gate CMOS process. 

See the LMC6041 for a single, and the LMC6042 for a dual 
amplifier with these features. 


Features 

■ Low supply current 10 juA/Amp (Typ) 

■ Operates from 4.5V to 1 5.5V single supply 

■ Ultra low input current 2 fA (Typ) 

■ Rail-to-rail output swing 

■ Input common-mode range includes ground 

Applications 

■ Battery monitoring and power conditioning 

■ Photodiode and infrared detector preamplifier 

■ Silicon based transducer systems 

■ Hand-held analytic instruments 

■ pH probe buffer amplifier 

■ Fire and smoke detection systems 

■ Charge amplifier for piezoelectric transducers 


Connection Diagram 


14-Pin DIP/SO 

14 13 12 11 10 9 8 



Ordering Information 


Package 

Temperature Range 

NSC 

Drawing 

Transport 

Media 

Industrial 

— 40°C to +85°C 

14-Pin 

Small Outline 

LMC6044AIM 

LMC6044IM 

M14A 

Rail 

Tape and Reel 

14-Pin 

Molded DIP 

LMC6044AIN 

LMC6044IN 

N14A 

Rail 
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Absolute Maximum Ratings (Notei) 


If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Differential Input Voltage 
Supply Voltage (V+ -V - ) 

Output Short Circuit to V + 

Output Short Circuit to V - 

Lead Temperature (Soldering, 10 sec.) 


± Supply Voltage 
16V 
(Note 12) 
(Note 2) 
260°C 


Current at Input Pin 
Current at Output Pin 
Current at Power Supply Pin 


±5mA 
±18 mA 
35 mA 


Power Dissipation (Note 3) 

Storage Temperature Range -65°C to .+ 1 50°C 


Junction Temperature (Note 3) 
ESD Tolerance (Note 4) 
Voltage at I/O Pin (V+) 


110°C 

500V 

+ 0.3V, (V-) -0.3V 


Operating Ratings 

Temperature Range 
LMC6044AI, LMC6044I 
Supply Voltage 


-40 o C^Tj^ + 85°C 
4.5V £ V+ <; 15.5V 


Power Dissipation (Note 10) 

Thermal Resistance (0ja), (Note 11) 

14-Pin DIP 85°C/W 

14-Pin SO 115°C/W 


Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Ta = Tj = 25°C. Boldface limits apply at the temperature extremes. 
V+ = 5V, V~ = 0V, Vqm = 1.5V, v 0 = V+/2, and R|_ > 1M unless otherwise specified. 






Typical 

LMC6044AI 

LMC6044I 

Units 







Symbol 

Parameter 

Conditions 


(Note 5) 

Limit 

Limit 

(Limit) 






(Note 6) 

(Note 6) 


Vos 

Input Offset Voltage 



1 

3 

6 

mV 






3.3 

6.3 

max 

1 

Input Offset Voltage 
Average Drift 


HUM 



jaV/°C 

■ 

Input Bias Current 



4 

4 

pA 

max 

•os 

Input Offset Current 


0.001 

2 

2 

pA 

max 

Rin 

Input Resistance 


>10 



Teraft 

CMRR 

Common Mode 

0V <; V CM £ 12.0V 


75 

68 

■ 

dB 


Rejection Ratio 

V+ = 15V 



66 


min 

+ PSRR 

Positive Power Supply 

5V <i V + <M5V 


75 

68 

■ 

dB 


Rejection Ratio 

V 0 = 2.5V 



66 

1 

min 

— PSRR 

Negative Power Supply 

o v<: v- ^ -10V 


94 

84 


dB 


Rejection Ratio 

V 0 = 2.5 V 



83 


min 

CMR 

Input Common-Mode 

V+ = 5V&15V 


-0.4 

-0.1 

-0.1 

V 


Voltage Range 

For CMRR ^ 50 dB 



0 

0 

max 





V+ - 1.9V 

V+ - 2.3V 


V 






V+ - 2.5V 


min 

Av 

Large Signal 

R l = 1 00 kfl (Note 7) 



400 


V/mV 


Voltage Gain 




300 


min 




Sinking 

500 



V/mV 








min 



R l = 25 kn (Note 7) 

Sourcing 

1000 

200 

100 

V/mV 






160 

80 

min 




Sinking 


100 

50 

V/mV 






60 

40 

min 
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Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Ta = Tj = 25°C. Boldface limits apply at the temperature extremes. V+ 
= 5V, V - = OV, Vqm = 1.5V, Vq = V+/2, and Rl > 1M unless otherwise specified. (Continued) 


Symbol 

Parameter 

Conditions 

Typical 
(Note 5) 

LMC6044AI 

LMC6044I 

Units 

(Limit) 

Limit 
(Note 6) 

Limit 
(Note 6) 

Vo 

Output Swing 

> 

in 

II 

+ 

> 

4.987 

4.970 

4.940 

V 



R L = 100 ka to 2.5V 


4.950 

4.910 

min 




0.004 

0.030 

0.060 

V 





0.050 

0.090 

max 



V+ = 5V 

4.980 

4.920 

4.870 

V 



R l = 25 kn to 2.5V 


4.870 

4.820 

min 




0.010 

0.080 

0.130 

V 





0.130 

0.180 

max 



V+ = 15V 

14.970 

14.920 

14.880 

V 



R l = 100 katoV+/2 


14.880 

14.820 

min 




0.007 

0.030 

0.060 

V 





0.050 

0.090 

max 



V+ = 15V 

14.950 

14.900 

14.850 

V 



R l = 25 kn toV+/2 


14.850 

14.800 

min 




0.022 

0.100 

0.150 

V 





0.150 

0.200 

max 

■sc 

Output Current 

Sourcing, Vq = 0V 

22 

16 

13 

mA 


V+ = 5V 



10 

8 

min 



Sinking, Vq = 5V 

21 

16 

13 

mA 





8 

8 

min 

•sc 

Output Current 

Sourcing, Vo = 0V 

40 

15 

15 

mA 


V+ = 15V 



10 

10 

min 



Sinking, Vq = 13V 

39 

24 

21 

mA 



(Note 12) 


8 

8 

min 

is 


Four Amplifiers 

40 

65 

75 

fxA 



Vq = 1.5V 


72 

82 

max 



Four Amplifiers 

52 

85 

98 

/aA 



V+ = 15V 


94 

107 

max 
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AC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Ta = Tj = 25°C. Bold- 
face limits apply at the temperature extremes. V+ = 5V, V - = OV, Vqm = 1 -5V, Vo ~ V+ /2, and R|_ > 1 M unless otherwise 
specified. 





Typical 
(Note 5) 

LMC6044AI 

LMC6044I 

Units 

(Limit) 

Symbol 

Parameter 

Conditions 

Limit 
(Note 6) 

Limit 
(Note 6) 

SR 

Slew Rate 

(Note 8) 

0.02 

0.015 

O.OIO 

0.010 

0.007 

V/jLlS 

min 

GBW 

Gain-Bandwidth Product 


0.10 



MHz 


Phase Margin 


60 



Deg 


Amp-to-Amp Isolation 

(Note 9) 

115 



dB 

e n 

Input-Referred 

Voltage Noise 

F = 1 kHz 

83 



nV/i/Hz 

in 

Input-Referred 

Current Noise 

F = 1 kHz 

0.0002 



pA/l/Hz 

T.H.D. 

Total Harmonic 

Distortion 

F = 1 kHz, A v = -5 

R l = 100kn,V o = 2 Vpp 
± 5V Supply 

0.01 



% 


Note 1: Absolute Maximum Ratings indicate limts beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 

Note 2: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 110°C. Output currents in excess of ±30 mA over long term may adversely affect reliability. 

Note 3: The maximum power dissipation is a function of Tj( max ), 0 ja, and Ta- The maximum allowable power dissipation at any ambient temperature is Pq = 
(Tj(max) — Ta)/0ja- 

Note 4: Human body model, 1.5 k ft in series with 100 pF. 

Note 5: Typical Values represent the most likely parametric norm. 

Note 6: All limits are guaranteed at room temperature (standard type face) or at operating temperature extremes (bold face type). 

Note 7: V+ = 15V, V CM = 7.5V and R L connected to 7.5V. For Sourcing tests, 7.5 V £ V 0 <; 11.5V. For Sinking tests, 2.5V <; V 0 <£ 7.5V. 

Note 8: V+ = 15V. Connected as Voltage Follower with 10V step input. Number specified in the slower of the positive and negative slew rates. 

Note 9: Input referred V+ = 15V and Rl = 100 kto connected to V+/2. Each amp excited in turn with 100 Hz to produce Vo = 12 Vpp. 

Note 10: For operating at elevated temperatures, the device must be derated based on the thermal resistance Oja with Pd = (Tj - Ta)/0ja- 
Note 1 1: All numbers apply for packages soldered directly into a PC poard. 

Note 12: Do not connect output to V+ when V+ is greater than 13V or reliability may be adversely affected. 
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OUTPUT VOLTAGE 

CMMR (dB) REFERENCED TO POSITIVE SUPPLY (V) INPUT BIAS CURRENT (pA) 


Typical Performance Characteristics Vs = ±7.5V, Ta = 25°C unless otherwise specified 


Supply Current vs 
Supply Voltage 



0 2 4 6 8 10 12 14 

SUPPLY VOLTAGE (V) 

Input Bias Current vs 
Input Common-Mode 
Voltage 
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Offset Voltage vs 
Temperature of Five 
Representative Units 
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Output Characteristics 
Current Sinking 



0.001 0.01 0.1 1 10 100 
OUTPUT SINK CURRENT (rnA) 


Output Characteristics 
Current Sourcing 



0.001 0.01 0.1 1 10 100 
OUTPUT SOURCE CURRENT (mA) 


Input Voltage Noise 
vs Frequency 



0 100 Ik 

FREQUENCY (Hz) 


Crosstalk Rejection vs 
Frequency 



1 10 100 Ik 10k 

FREQUENCY (Hz) 


CMRR vs Frequency 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


CMRR vs Temperature 



-40 -20 0 20 40 60 

TEMPERATURE (°C) 


Power Supply Rejection 
Ratio vs Frequency 


40 - V* SUPPLY - 

20 — I 1 — I— 


10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 

TL/H/1 1138-2 
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LMC6044 


Typical Performance Characteristics 

Vs = ± 7.5V, Ta = 25°C unless otherwise specified (Continued) 


Open-Loop Voltage Gain 
vs Temperature 



Gain and Phase 
Responses vs 
Temperature 



Ik tOk 100k 1M 

FREQUENCY (Hz) 


Open-Loop 
Frequency Response 



0.0010.010.1 1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Gain Error 
(VqsVSVout) 



-10 -7.5 -5 -2.5 0 2.5 5 7.5 10 


V 0UT (VOLTS) 


Non-inverting Slew 
Rate vs Temperature 
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TEMPERATURE (°C) 


Inverting Slew Rate 
vs Temperature 



Gain and Phase 
Responses vs Load 
Capacitance 



Ik 10k 100k 1M 


FREQUENCY (Hz) 

Common-Mode Error vs 
Common-Mode Voltage of 
Three Representative Units 



COMMON MODE VOLTAGE (V) 


Non-Inverting Large 
Signal Pulse Response 


^ <A V =+1) 







■i 

ai 

■■ 

HI 

HI 

■■■ 

HI 

HI 

■■■ 

HI 

HI 

■■■ 

■■■ 

■IK 
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■■■ 

■■■ 

■■■ 






l=i 

HI 



■II 

■II 


0 100200300400500600700800900 


TIME (/is) 


Non-Inverting Small 



TIME Ozs) 


Inverting Large-Signal 



Inverting Small Signal 



TIME (ns) 


TIME (/is) 
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Typical Performance Characteristics 

Vs = ± 7.5V, Ta = 25°C unless otherwise specified (Continued) 


Stability vs Capacitive Load 



-10 -0.1 -0.001 0.001 0.1 10 
-1 -0.01 0 0.01 1 
SINKING SOURCING 

LOAD CURRENT (mA) 


Application Hints 

AMPLIFIER TOPOLOGY 

The LMC6044 incorporates a novel op-amp design topology 
that enables it to maintain rail to rail output swing even when 
driving a large load. Instead of relying on a push-pull unity 
gain outupt buffer stage, the output stage is taken directly 
from the internal integrator, which provides both low output 
impedance and large gain. Special feed-forward compensa- 
tion design techniques are incorporated to maintain stability 
over a wider range of operating conditions than traditional 
micropower op-amps. These features make the LMC6044 
both easier to design with, and provide higher speed than 
products typically found in this ultra-low power class. 

COMPENSATING FOR INPUT CAPACITANCE 

It is quite common to use large values of feedback resist- 
ance with amplifiers with ultra-low input current, like the 
LMC6044. 

Although the LMC6044 is highly stable over a wide range of 
operating conditions, certain precautions must be met to 
achieve the desired pulse response when a large feedback 
resistor is used. Large feedback resistors and even small 
values of input capacitance, due to transducers, photodi- 
odes, and circuits board parasitics, reduce phase margins. 
When high input impedance are demanded, guarding of the 
LMC6044 is suggested. Guarding input lines will not only 
reduce leakage, but lowers stray input capacitance as well. 
(See Printed-Circuit-Board Layout for High Impedance 
Work.) 


Cf 



FIGURE 1. Canceling the Effect of Input Capacitance 

The effect of input capacitance can be compensated for by 
adding a capacitor. Adding a capacitor, Cf, around the feed- 
back resistor (as in Figure 1 ) such that: 


Stability vs Capacitive Load 



LOAD CURRENT (mA) 

TL/H/1 1138-4 


1 ^ 1 
27TR-J C|N 27tR 2 Cf 
or 

Rl C| N ^ R 2 C f 

Since it is often difficult to know the exact value of Cin, Cf 
can be experimentally adjusted so that the desired pulse 
response is achieved. Refer to the LMC660 and the 
LMC662 for a more detailed discussion on compensating 
for input capacitance. 

CAPACITIVE LOAD TOLERANCE 

Direct capacitive loading will reduce the phase margin of 
many op-amps. A pole in the feedback loop is created by 
the combination of the op-amp’s output impedance and the 
capacitive load. This pole induces phase lag at the unity- 
gain crossover frequency of the amplifier resulting in either 
an oscillatory or underdamped pulse response. With a few 
external components, op amps can easily indirectly drive 
capacitive loads, as shown in Figure 2a. 

+v 



FIGURE 2a. LMC6044 Noninverting Gain of 10 Amplifier, 
Compensated to Handle Capacitive Loads 

In the circuit of Figure 2a , Rl and Cl serve to counteract 
the loss of phase margin by feeding the high frequency 
component of the output signal back to the amplifier’s in- 
verting input, thereby preserving phase margin in the overall 
feedback loop. 
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Application Hints (Continued) 

Capacitive load driving capability is enhanced by using a pull 
up resistor to V+ (Figure 2b). Typically, a pull up resistor 
conducting 10 jaA or more will significantly improve capaci- 
tive load responses. The value of the pull up resistor must 
be determined based on the current sinking capability of the 
amplifier with respect to the desired output swing. Open 
loop gain of the amplifier can also be affected by the pull up 
resistor (see Electrical Characteristics). 


v+ 



TL/H/11138-18 

FIGURE 2b. Compensating for Large 
Capacitive Loads with a Puli Up Resistor 

PRINTED-CIRCUIT-BOARD LAYOUT 
FOR HIGH-IMPEDANCE WORK 

It is generally recognized that any circuit which must oper- 
ate with less than 1000 pA of leakage current requires spe- 
cial layout of the PC board. When one wishes to take advan- 
tage of the ultra-low bias current of the LMC6044, typically 
less than 2 fA, it is essential to have an excellent layout. 
Fortunately, the techniques of obtaining low leakages are 
quite simple. First, the user must not ignore the surface 
leakage of the PC board, even though it may sometimes 
appear acceptably low, because under conditions of high 
humidity or dust or contamination, the surface leakage will 
be appreciable. 

To minimize the effect of any surface leakage, lay out a ring 
of foil completely surrounding the LMC6044’s inputs and the 
terminals of capacitors, diodes, conductors, resistors, relay 
terminals, etc. connected to the op-amp’s inputs, as in Fig- 
ure 3. To have a significant effect, guard rings should be 
placed on both the top and bottom of the PC board. This PC 
foil must then be connected to a voltage which is at the 
same voltage as the amplifer inputs, since no leakage cur- 
rent can flow between two points at the same potential. For 
example, a PC board trace-to-pad resistance of 10 12 ft, 




TL/H/11138-7 


FIGURE 3. Example of Guard Ring in P.C. Board Layout 


which is normally considered a very large resistance, could 
leak 5 pA if the trace were a 5V bus adjacent to the pad of 
the input. This would cause a 100 times degradation from 
the LMC6044’s actual performance. However, if a guard 
ring is held within 5 mV of the inputs, then even a resistance 
of 1 0 1 1 ft would cause only 0.05 pA of leakage current. See 
Figures 4a, 4b, 4c for typical connections of guard rings for 
standard op-amp configurations. 


Cl 



TL/H/1 1138-8 

(a) Inverting Amplifier 
R2 



TL/H/1 1138-10 

(b) Non-Inverting Amplifier 



TL/H/1 11 38-9 

(c) Follower 

FIGURE 4. Typical Connections of Guard Rings 

The designer should be aware that when it is inappropriate 
to lay out a PC board for the sake of just a few circuits, there 
is another technique which is even better than a guard ring 
on a PC board: Don’t insert the amplifier’s input pin into the 
board at all, but bend it up in the air and use only air as an 
insulator. Air is an excellent insulator. In this case you may 
have to forego some of the advantages of PC board con- 
struction, but the advantages are sometimes well worth the 
effort of using point-to-point up-in-the-air wiring. See 
Figure 5. 
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Typical Single-Supply Applications <v+ = 5.0 v DC ) 


FEEDBACK 

CAPACITOR 



(Input pins are lifted out of PC board and soldered directly to components. 
All other pins connected to PC board.) 

FIGURE 5. Air Wiring 

The extremely high input impedance, and low power con- 
sumption, of the LMC6044 make it ideal for applications that 
require battery-powered instrumentation amplifiers. Exam- 
ples of these type of applications are hand-held pH probes, 
analytic medical instruments, magnetic field detectors, gas 
detectors, and silicon based pressure transducers. 

The circuit in Figure 6 is recommended for applications 
where the common-mode input range is relatively low and 
the differential gain will be in the range of 10 to 1000. This 
two op-amp instrumentation amplifier features an indepen- 
dent adjustment of the gain and common-mode rejection 
trim, and a total quiescent supply current of less than 40 \xfk. 
To maintain ultra-high input impedance, it is advisable to 


use ground rings and consider PC board layout an important 
part of the overall system design (see Printed-Circuit-Board 
Layout for High Impedance Work). Referring to Figure 6, the 
input voltages are represented as a common-mode input 
Vcm Pl us a differential input Vq. Rejection of the common- 
mode component of the input is accomplished by making 
the ratio of R1/R2 equal to R3/R4. So that where, 

R3 _ R2 
R4 “ R1 


R4 ( R3 R2 + R3\ , 
V ° UT = R3 l 1 + R4 + ~~ RO~~ ) V ° 


A suggested design guideline is to minimize the difference 
of value between R1 through R4. This will often result in 
improved resistor tempco, amplifier gain, and CMRR over 
temperature. If RN = R1 = R2 = R3 = R4 then the gain 
equation can be simplified: 


Vqut = 2 


(■ 


RN\ 

RO/ 


V D 


Due to the “zero-in, zero-out” performance of the 
LMC6044, and output swing rail-rail, the dynamic range is 
only limited to the input common-mode range of 0V to V$- 
2.3V, worst case at room temperature. This feature of the 
LMC6044 makes it an ideal choice for low-power instrumen- 
tation systems. 

A complete instrumentation amplifier designed for a gain of 
100 is shown in Figure 7. Provisions have been made for 
low sensitivity trimming of CMRR and gain. 


0.047F R 0 



ion 



TL/H/1 1138-12 


ioov D 


TL/H/1 1138-13 


FIGURE 7. Low-Power Two-Op-Amp 
Instrumentation Amplifier 


f 


i 
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Typical Single-Supply Applications <v+ = 5.0 v DC ) (continued) 



TL/H/1 1138-14 

FIGURE 8. Low-Leakage Sample-and-Hold 



R4 R4 
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onal Semiconductor 


LMC6061 Precision CMOS Single 
Micropower Operational Amplifier 


General Description 

The LMC6061 is a precision single low offset voltage, micro- 
power operational amplifier, capable of precision single sup- 
ply operation. Performance characteristics include ultra low 
input bias current, high voltage gain, rail-to-rail output swing, 
and an input common mode voltage range that includes 
ground. These features, plus its low power consumption, 
make the LMC6061 ideally suited for battery powered appli- 
cations. 

Other applications using the LMC6061 include precision full- 
wave rectifiers, integrators, references, sample-and-hold cir- 
cuits, and true instrumentation amplifiers. 

This device is built with National’s advanced double-Poly 
Silicon-Gate CMOS process. 

For designs that require higher speed, see the LMC6081 
precision single operational amplifier. 

For a dual or quad operational amplifier with similar fea- 
tures, see the LMC6062 or LMC6064 respectively. 

PATENT PENDING 


Features (Typical Unless Otherwise Noted) 


■ Low offset voltage 100 jutV 

■ Ultra low supply current 20 jut A 

■ Operates from 4.5V to 1 5V single supply 

■ Ultra low input bias current 10 fA 

■ Output swing within 10 mV of supply rail, 100k load 

■ Input common-mode range includes V~ 

■ High voltage gain 140 dB 

■ Improved latchup immunity 


Applications 

■ Instrumentation amplifier 

■ Photodiode and infrared detector preamplifier 

■ Transducer amplifiers 

■ Hand-held analytic instruments 

■ Medical instrumentation 

■ D/A converter 

■ Charge amplifier for piezoelectric transducers 


Connection Diagram 


8-Pin DIP/SO 


NC 

INVERTING INPUT 
NON-INVERTING 
INPUT 
V" 



Top View 


TL/H/1 1422-1 


Ordering Information 


Package 

Temperature Range 

NSC 

Drawing 

Transport 

Media 

Military 

— 55°C to + 125°C 

Industrial 

— 40°C to + 85°C 

8-Pin 

Molded DIP 

LMC6061AMN 

LMC6061 AIN 
LMC6061IN 

N08E 

Rail 

8-Pin 

Small Outline 


LMC6061AIM 

LMC6061IM 

M08A 

Rail 

Tape and Reel 

8-Pin 

Ceramic DIP 

LMC6061 AMJ/883 


J08A 

Rail 


1 
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LMC6061 


Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Differential Input Voltage 
Voltage at Input/Output Pin 

Supply Voltage (V+ - V~) 
Output Short Circuit to V+ 
Output Short Circuit to V~ 
Lead Temperature (Soldering, 
Storage Temp. Range 
Junction Temperature 
ESD Tolerance (Note 4) 


± Supply Voltage 
(V+) + 0.3V, 
(V-) -0.3V 
16V 
(Note 10) 
(Note 2) 
sec.) 260° C 

— 65°C to + 150°C 
150°C 
2 kV 


Current at Input Pin 
Current at Output Pin 
Current at Power Supply Pin 
Power Dissipation 

Operating Ratings (Notei) 

Temperature Range 

LMC6061AM -55°C <: T j <; + 125°C 

LMC6061AI, LMC6082I -40°C £ T j <; +85°C 

Supply Voltage 4.5V ^ V+ £ 15.5V 

Thermal Resistance (0ja) (Note 11) 

N Package, 8-Pin Molded DIP 1 1 5°C/W 

M Package, 8-Pin Surface Mount 1 93°C/W 

Power Dissipation (Note 9) 


±10 mA 
±30 mA 
40 mA 
(Note 3) 


DC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C. Boldface limits apply at the temperature extremes. V+ = 5V, 
V~ = 0V, Vqm = 1.5V, Vq = 2.5V and Rl > 1M unless otherwise specified. 






Typ 

(Note 5) 

LMC6061AM 

LMC6061AI 

LMC6061I 


Symbol 

Parameter 

Conditions 

Limit 

Limit 

Limit 

Units 





(Note 6) 

(Note 6) 

(Note 6) 


Vos 

Input Offset Voltage 



100 

350 

350 

800 

jaV 






1200 

900 

1300 

Max 

TCVqs 

Input Offset Voltage 
Average Drift 


1.0 




jutV/°C 

Ib 

Input Bias Current 



0.010 




pA 






100 

4 

4 

Max 

•os 

Input Offset Current 



0.005 




pA 






100 

2 

2 

Max 

Rin 

Input Resistance 


>10 




Tera ft 








dB 









Min 

+ PSRR 



85 




dB 


Rejection Ratio 







Min 

— PSRR 

Negative Power Supply 

ov <; v- £ - 

10V 



84 

74 

dB 


Rejection Ratio 





81 

71 

Min 

Vcm 

Input Common-Mode 

V+ = 5V and 15V 

-0.4 

-0.1 

-0.1 


V 


Voltage Range 

for CMRR > 60 dB 


0 

0 

■m 

Max 





BBH1 

CO 

cvi 

1 

+ 

> 

HHHB 


V 





1 

V+ - 2.6 


yj 

Min 

A V 

Large Signal 

R L = 100 kH 

Sourcing 


400 

400 

300 

V/mV 


Voltage Gain 

(Note 7) 


■ 

200 

300 

200 

Min 




Sinking 

3000 

180 

180 

90 

V/mV 






70 

100 

60 

Min 



R L = 25 kft 

Sourcing 

3000 

400 

400 


V/mV 



(Note 7) 



150 

150 


Min 




Sinking 

2000 

100 

100 


V/mV 






35 

50 


Min 
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DC Electrical Characteristics (Continued) 


Unless otherwise specified, all limits guaranteed for Tj = 25°C. Boldface limits apply at the temperature extremes. V+ = 5V, 
V~ = OV, Vqm - 1-5V, Vq = 2.5 V and Rl > 1M unless otherwise specified. 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LMC6061AM 

Limit 
(Note 6) 

LMC6061AI 

Limit 
(Note 6) 

LMC6061I 

Limit 
(Note 6) 

Units 

Vo 

Output Swing 

< 

+ 

ll 

U1 

< 

4.995 

4.990 

4.990 

4.950 

V 



R l = 100 kn to 2.5V 


4.970 

4.980 

4.925 

Min 




0.005 

0.010 

0.010 

0.050 






0.030 

0.020 

0.075 




V+ = 5V 

4.990 

4.975 

4.975 

4.950 

V 



R l = 25 kH to 2.5V 


4.955 

4.965 

4.850 

Min 




0.010 

0.020 

0.020 

0.050 

V 






0.045 

0.035 

0.150 

Max 



v+ = 15V 

14.990 

14.975 

14.975 

14.950 

V 



R L = 100knto7.5V 


14.955 

14.965 

14.925 

Min 




0.010 

0.025 

0.025 

0.050 

V 





0.050 

0.035 

0.075 

Max 



V+ = 15V 

14.965 

14.900 

14.900 

14.850 

V 



R l = 25 kn to 7.5V 


14.800 

14.850 

14.800 

Min 




0.025 

0.050 

0.050 

0.100 

V 




1 

0.200 

0.150 

0.200 

Max 

lo 

Output Current 

Sourcing, Vq = 0V 

22 

16 

16 

13 

mA 


V+ = 5V 


i 

8 

10 

8 

Min 



Sinking, Vq = 5V 

21 

16 

16 

16 

mA 





7 

8 

8 

Min 

lo 

Output Current 

Sourcing, Vq = 0V 

25 

15 

15 

15 

mA 


V+ = 15V 



9 

10 

10 

Min 



Sinking, V 0 = 13V 

35 

24 

24 

24 

mA 



(Note 10) 


7 

8 

8 

Min 

•s 

Supply Current 

V+ = + 5V,V 0 = 1.5V 

20 

24 

24 

32 

juA 





35 

32 

40 

Max 



V+ = +15V,V 0 = 7.5V 

24 

30 

30 

40 

/xA 





40 

38 

48 

Max 
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AC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C, Boldface limits apply at the temperature extremes. V+ = 5V, 
V" = OV, Vqm = 1.5V, Vq = 2.5V and Rl > 1M unless otherwise specified. 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LMC6061AM 
Limit 
(Note 6) 

LMC6061AI 

Limit 
(Note 6) 

LMC6061I 
Limit 
(Note 6) 

Units 

SR 

Slew Rate 

(Note 8) 

35 

20 

20 

15 

V/ms 





8 

10 

7 

Min 

GBW 

Gain-Bandwidth Product 


100 




kHz 

0m 

Phase Margin 


50 




Deg 

e n 

Input-Referred Voltage Noise 

F = 1 kHz 

83 




nV/V Hz 

■n 

Input-Referred Current Noise 

F = 1 kHz 

0.0002 





T.H.D. 

Total Harmonic Distortion 

F= 1 kHz, Ay = -5 








R l = 100 kH, V 0 = 2 V PP 

0.01 







± 5V Supply 







Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 

Note 2: Applies to both single-supply and split-supply operation. Continous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. Output currents in excess of ±30 mA over long term may adversely affect reliability. 

Note 3: The maximum power dissipation is a function of Tj(Max). 0 ja- and T A . The maximum allowable power dissipation at any ambient temperature is Pq = 
(Tj(Max) “ T a )/0ja- 

Note 4: Human body model, 1 .5 kft in series with 1 00 pF. 

Note 5: Typical values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: V+ = 15V, Vqm = 7.5V and R L connected to 7.5V. For Sourcing tests, 7.5V £ Vo £ 11.5V. For Sinking tests, 2.5V <■ Vo <. 7.5V. 

Note 8: V+ = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 

Note 9: For operating at elevated temperatures the device must be derated based on the thermal resistance 0j A with Pd = (Tj-T a )/0j A . 

Note 10: Do not connect output to V+, when V+ is greater than 13V or reliability witll be adversely affected. 

Note 1 1: All numbers apply for packages soldered directly into a PC board. 

Note 12: For guaranteed Military Temperature Range parameters see RETSMC6061X. 
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OUTPUT VOLTAGE REFERENCED TO V+(V) CMRR(dB) 


Typical Performance Characteristics Vg = ±7.5V, T A = 25°C, Unless otherwise specified 


Distribution of LMC6061 
Input Offset Voltage 
(T A = + 25°C) 

30 

570 Amplifiers from 3 Wafer Lois 
27 • V+ = 5V 

T A - +25°C B| 

24 ' N Paekaoe 


Distribution of LMC6061 
Input Offset Voltage 
(T A = — 55°C) 

570 Amplifiers from 3 Wafer Lots 
■ V+ = 5V 
T a = -55°C 
' N Package 


Distribution of LMC6061 
Input Offset Voltage 
(T A = + 125°C) 


570 Amplifiers 
from 3 Wafer Lots 
V+ = 5V 
T A = + 125°C 
N Package 


0 o o o o o o 

1 I i i 

OFFSET VOLTAGE (mV) 


OFFSET VOLTAGE (mV) 


OFFSET VOLTAGE (mV) 


Input Bias Current 
vs Temperature 


lOOpA 






a 





> 























■ 

lOOaA 








25 50 75 100 125 150 

TEMPERATURE (°C) 


Common Mode 
Rejection Ratio 
vs Frequency 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Supply Current 
vs Supply Voltage 



0 2 4 6 8 10 12 14 16 

TOTAL SUPPLY VOLTAGE (V) 

Power Supply Rejection 
Ratio vs Frequency 



10 100 Ik 10k 

FREQUENCY (Hz) 


Input Voltage 
vs Output Voltage 



-10 -8 -6 -4 -2 0 2 4 6 8 10 

OUTPUT VOLTAGE (V) 

Input Voltage Noise 
vs Frequency 



100 Ik 

FREQUENCY (Hz) 


Output Characteristics 
Sourcing Current 



0.001 > * 1 1 > 1 

0.001 0.01 0.1 1 10 100 


OUTPUT SOURCE CURRENT (mA) 


Output Characteristics 
Sinking Current 



0.001 I 1 ‘ 1 1 1 

0.001 0.01 0.1 1 10 100 


OUTPUT SINK CURRENT (mA) 


Gain and Phase Response 
vs Temperature 
(— 55°C to +125°C) 

[r™r™iRM» 


10k 100k 

FREQUENCY (Hz) 
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PHASE (Degrees) 



INPUT SIGNAL OPEN - LOOP VOLTAGE GAIN (dB) 






Applications Hints 

AMPLIFIER TOPOLOGY 

The LMC6061 incorporates a novel op-amp design topology 
that enables it to maintain rail-to-rail output swing even 
when driving a large load. Instead of relying on a push-pull 
unity gain output buffer stage, the output stage is taken di- 
rectly from the internal integrator, which provides both low 
output impedance and large gain. Special feed-forward 
compensation design techniques are incorporated to main- 
tain stability over a wider range of operating conditions than 
traditional micropower op-amps. These features make the 
LMC6061 both easier to design with, and provide higher 
speed than products typically found in this ultra-low power 
class. 

COMPENSATING FOR INPUT CAPACITANCE 

It is quite common to use large values of feedback resist- 
ance for amplifiers with ultra-low input current, like the 
LMC6061 . 

Although the LMC6061 is highly stable over a wide range of 
operating conditions, certain precautions must be met to 
achieve the desired pulse response when a large feedback 
resistor is used. Large feedback resistors and even small 
values of input capacitance, due to transducers, photodi- 
odes, and circuit board parasitics, reduce phase margins. 
When high input impedances are demanded, guarding of 
the LMC6061 is suggested. Guarding input lines will not only 
reduce leakage, but lowers stray input capacitance as well. 
(See Printed-Circuit-Board Layout for High impedance 
Work). 

The effect of input capacitance can be compensated for by 
adding a capacitor. Place a capacitor, Cf, around the feed- 
back resistor (as in Figure 1 ) such that: 

1 1 
2ttR-|C|n 27rR 2 Cf 
or 

Rl C| N ^ R 2 C f 

Since it is often difficult to know the exact value of Cin, Cf 
can be experimentally adjusted so that the desired pulse 
response is achieved. Refer to the LMC660 and the 
LMC662 for a more detailed discussion on compensating 
for input capacitance. 


c f 



. TL/H/1 1422-5 

FIGURE 1. Canceling the Effect of Input Capacitance 
CAPACITIVE LOAD TOLERANCE 

All rail-to-rail output swing operational amplifiers have volt- 
age gain in the output stage. A compensation capacitor is 
normally included in this integrator stage. The frequency lo- 
cation of the dominate pole is affected by the resistive load 
on the amplifier. Capacitive load driving capability can be 
optimized by using an appropriate resistive load in parallel 
with the capacitive load (see typical curves). 


Direct capacitive loading will reduce the phase margin of 
many op-amps. A pole in the feedback loop is created by 
the combination of the op-amp’s output impedance and the 
capacitive load. This pole induces phase lag at the unity- 
gain crossover frequency of the amplifier resulting in either 
an oscillatory or underdamped pulse response. With a few 
external components, op amps can easily indirectly drive 
capacitive loads, as shown in Figure 2a. 


+v 



TL/H/1 1422-4 

FIGURE 2a. LMC6061 Noninverting Gain of 10 Amplifier, 
Compensated to Handle Capacitive Loads 

In the circuit of Figure 2a , Rl and Cl serve to counteract 
the loss of phase margin by feeding the high frequency 
component of the output signal back to the amplifier’s in- 
verting input, thereby preserving phase margin in the overall 
feedback loop. 

Capacitive load driving capability is enhanced by using a pull 
up resistor to V+ (Figure 2b). Typically a pull up resistor 
conducting 1 0 juA or more will significantly improve capaci- 
tive load responses. The value of the pull up resistor must 
be determined based on the current sinking capability of the 
amplifier with respect to the desired output swing. Open 
loop gain of the amplifier can also be affected by the pull up 
resistor (see electrical characteristics). 


v+ 



TL/H/1 1422-14 

FIGURE 2b. Compensating for Large 
Capacitive Loads with a Pull Up Resistor 

PRINTED-CIRCUIT-BOARD LAYOUT 
FOR HIGH-IMPEDANCE WORK 

It is generally recognized that any circuit which must oper- 
ate with less than 1 000 pA of leakage current requires spe- 
cial layout of the PC board. When one wishes to take advan- 
tage of the ultra-low bias current of the LMC6061 , typically 
less than 10 fA, it is essential to have an excellent layout. 
Fortunately, the techniques of obtaining low leakages are 
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Applications Hints (Continued) 

quite simple. First, the user must not ignore the surface 
leakage of the PC board, even though it may sometimes 
appear acceptably low, because under conditions of high 
humidity or dust or contamination, the surface leakage will 
be appreciable. 

To minimize the effect of any surface leakage, lay out a ring 
of foil completely surrounding the LMC6061 ’s inputs and the 
terminals of capacitors, diodes, conductors, resistors, relay 
terminals etc. connected to the op-amp’s inputs, as in Fig- 
ure 3. To have a significant effect, guard rings should be 
placed on both the top and bottom of the PC board. This PC 
foil must then be connected to a voltage which is at the 
same voltage as the amplifier inputs, since no leakage cur- 
rent can flow between two points at the same potential. For 
example, a PC board trace-to-pad resistance of 1012ft, 
which is normally considered a very large resistance, could 
leak 5 pA if the trace were a 5V bus adjacent to the pad of 
the input. This would cause a 100 times degradation from 
the LMC6061’s actual performance. However, if a guard 
ring is held within 5 mV of the inputs, then even a resistance 
of 1011ft would cause only 0.05 pA of leakage current. See 
Figures 4a, 4b, 4c for typical connections of guard rings for 
standard op-amp configurations. 



Guard Ring 

TL/H/1 1422-6 

FIGURE 3. Example of Guard Ring in P.C. Board Layout 




(a) Inverting Amplifier 


IT Guard Ring 


r — 

1 


\t 1 

Ring — 

i 

INPUT — j — 

— { — 

ftt mm 

mm J ■ 


(b) Non-Inverting Amplifier 



TL/H/i 1422-9 

(c) Follower 

FIGURE 4. Typical Connections of Guard Rings 

The designer should be aware that when it is inappropriate 
to lay out a PC board for the sake of just a few circuits, there 
is another technique which is even better than a guard ring 
on a PC board: Don’t insert the amplifier’s input pin into the 
board at all, but bend it up in the air and use only air as an 
insulator. Air is an excellent insulator. In this case you itiay 
have to forego some of the advantages of PC board con- 
struction, but the advantages are sometirrtes well worth the 
effort of using point-to-point up-in-the-air wiring. See 
Figure 5. 


FEEDBACK 

CAPACITOR 



L- SOLDER CONNECTION 

TL/H/1 1422-10 

(Input pins are lifted out of PC board and Soldered directly to components. 
All other pins connected to PC board). 

FIGURE 5. Air Wiring 
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Latchup 

CMOS devices tend to be susceptible to latchup due to their 
internal parasitic SCR effects. The (I/O) input and output 
pins look similar to the gate of the SCR. There is a minimum 
current required to trigger the SCR gate lead. The LMC6061 
and LMC6081 are designed to withstand 100 mA surge cur- 
rent on the I/O pins. Some resistive method should be used 
to isolate any capacitance from supplying excess current to 
the I/O pins. In addition, like an SCR, there is a minimum 
holding current for any latchup mode. Limiting current to the 
supply pins will also inhibit latchup susceptibility. 


Typical Single-Supply 
Applications <v+ = 5.0 vdc) 

The extremely high input impedance, and low power con- 
sumption, of the LMC6061 make it ideal for applications that 
require battery-powered instrumentation amplifiers. Exam- 
ples of these types of applications are hand-held pH probes, 
analytic medical instruments, magnetic field detectors, gas 
detectors, and silicon based pressure transducers. 

Figure 6 shows an instrumentation amplifier that features 
high differential and common mode input resistance 
(>10 14 n), 0.01% gain accuracy at Ay = 100, excellent 
CMRR with 1 kft imbalance in bridge source resistance. 
Input current is less than 100 fA and offset drift is less than 
2.5 jliV/°C. R 2 provides a simple means of adjusting gain 
over a wide range without degrading CMRR. R 7 is an initial 
trim used to maximize CMRR without using super precision 
matched resistors. For good CMRR over temperature, low 
drift resistors should be used. 



TL/H/1 1422-11 

If R-) = R5, R3 = R6, and R4 = R7; then 
V OUT _ R 2 + 2Rl x R4 
V|N R 2 R 3 

.‘.Ay ~ 100 for circuit shown (R 2 = 9.822k). 

FIGURE 6. Instrumentation Amplifier 


I 


1 
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National Semiconductor 


LMC 6062 Precision CMOS Dual 
Micropower Operational Amplifier 


General Description 

The LMC6062 is a precision dual low offset voltage, micro- 
power operational amplifier, capable of precision single sup- 
ply operation. Performance characteristics include ultra low 
input bias current, high voltage gain, rail-to-rail output swing, 
and an input common mode voltage range that includes 
ground. These features, plus its low power consumption, 
make the LMC6062 ideally suited for battery powered appli- 
cations. 

Other applications using the LMC6062 include precision full- 
wave rectifiers, integrators, references, sample-and-hold cir- 
cuits, and true instrumentation amplifiers. 

This device is built with National’s advanced double-Poly 
Silicon-Gate CMOS process. 

For designs that require higher speed, see the LMC6082 
precision dual operational amplifier. 


PATENT PENDING 


Features (Typical Unless Otherwise Noted) 

■ Low offset voltage 1 00 ju,V 

■ Ultra low supply current 16 jaA/Amplifier 

■ Operates from 4.5V to 1 5V single supply 

■ Ultra low input bias current 10 fA 

■ Output swing within 10 mV of supply rail, 100k load 

■ Input common-mode range includes V~ 

■ High voltage gain 140 dB 

■ Improved latchup immunity 

Applications 

■ Instrumentation amplifier 

■ Photodiode and infrared detector preamplifier 

■ Transducer amplifiers 

■ Hand-held analytic instruments 

■ Medical instrumentation 

■ D/A converter 

■ Charge amplifier for piezoelectric transducers 


Connection Diagram 

8-Pin DIP/SO 



v + 

OUTPUT B 

INVERTING INPUT B 

NONINVERTING 
INPUT B 


TL/H/ 11298-1 


Ordering Information 


Package 

Temperature Range 

NSC 

Drawing 

Transport 

Media 

Military 

— 55°C to + 125°C 

Industrial 

— 40°C to + 85°C 

8-Pin 

Molded DIP 

LMC6062AMN 

LMC6062AIN 

LMC6062IN 

N08E 

Rail 

8-Pin 

Small Outline 


LMC6062AIM 

LMC6062IM 

M08A 

Rail 

Tape and Reel 

8-Pin 

Ceramic DIP 

LMC6062AM J/883 


J08A 

Rail 
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LMC6062 


Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Differential Input Voltage ± Supply Voltage 

Voltage at Input/Output Pin (V + ) + 0.3V, 

(V-) -0.3V 

Supply Voltage (V + - V ~ ) 16V 

Output Short Circuit to V + (Note 1 1 ) 

Output Short Circuit to V~ (Note 2) 

Lead T emperature (Soldering, 1 0 sec.) 260°C 

Storage T emp. Range - 65°C to + 1 50°C 

Junction T emperature 1 50°C 

ESDT olerance (Note 4) 2 kV 


Current at Input Pin 
Current at Output Pin 
Current at Power Supply Pin 
Power Dissipation 


±10 mA 
±30 mA 
40 mA 
(Note 3) 


Operating Ratings (Notei) 

Temperature Range 

LMC6062AM -55°C £ Tj £ + 125°C 

LMC6062AI, LMC6082I -40°C <; Tj <£ +85°C 

Supply Voltage 4.5V ^ V+ £ 15.5V 

Thermal Resistance (Oja) (Note 12) 

8-Pin Molded DIP 115°C/W 

8-Pin SO 1 93°C/W 

Power Dissipation (Note 10) 


DC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C. Boldface limits apply at the temperature extremes. V+ = 5V, 
V- = 0V, Vqm = 1.5V, Vo = 2.5V and Rj_ > 1M unless otherwise specified. 

LMC6062AM LMC6062AI LMC6062I 
Symbol Parameter Conditions Limit Limit Limit Units 

' ° e5) (Note 6) (Note 6) (Note 6) 


Symbol 

Parameter 

v OS 

Input Offset Voltage 

TCVos 

Input Offset Voltage 
Average Drift 

•b 

Input Bias Current 

•os 

Input Offset Current 

Rin 

Input Resistance 

CMRR 

Common Mode 
Rejection Ratio 

+ PSRR 

Positive Power Supply 
Rejection Ratio 

— PSRR 

Negative Power Supply 
Rejection Ratio 

Vcm 

Input Common-Mode 
Voltage Range 

A V 

Large Signal 

Voltage Gain 




V 0 = 2.5V 


V+ = 5V and 15V 
for CMRR :> 60 dB 


R|_ = 100 ka Sourcing 
(Note 7) 


R|_ = 25 kft Sourcing 3000 

(Note 7) 

Sinking 2000 
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DC Electrical Characteristics (Continued) 


Unless otherwise specified, all limits guaranteed for Tj = 25°C. Boldface limits apply at the temperature extremes. V+ = 5V, 
V~ = OV, Vqm = 1.5V, Vq = 2.5V and Rj_ > 1M unless otherwise specified. 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LMC6062AM 
Limit 
(Note 6) 

LMC6062AI 
Limit 
(Note 6) 

LMC6062I 
Limit 
(Note 6) 

Units 

Vo 

Output Swing 

V+ = 5V 

4.995 

4.990 

4.990 

4.950 

V 



R l = 100 kn to 2.5V 


4.970 

4.980 

4.925 

Min 




0.005 

0.010 

0.010 

0.050 

V 





0.030 

0.020 

0.075 

Max 



< 

+ 

II 

U1 

< 

4.990 

4.975 

4.975 

4.950 

V 



R l = 25 kft to 2.5 V 


4.955 

4.965 

4.850 

Min 




0.010 

0.020 

0.020 

0.050 

V 





0.045 

0.035 

0.150 

Max 



V+ = 15V 

14.990 

14.975 

14.975 

14.950 

V 



Rl = 100 kH to 7.5V 


14.955 

14.965 

14.925 

Min 




0.010 

0.025 

0.025 

0.050 

V 





0.050 

0.035 

0.075 

Max 



V+ = 15V 

14.965 

14.900 

14.900 

14.850 

V 



R l = 25 kO to 7.5V 


14.800 

14.850 

14.800 

Min 





0.050 

0.050 

0.100 

V 




■M 

0.200 

0.150 

0.200 

Max 

•o 

Output Current 

Sourcing, Vq = 0V 

1 

16 

16 

13 

mA 


V+ = 5V 


. 

8 

10 

8 

Min 



Sinking, Vq = 5V 

21 

16 

16 

16 

mA 





7 

8 

8 

Min 

b 

Output Current 

Sourcing, Vq = 0V 

25 

15 

15 

15 

mA 


V+ = 15V 



9 

10 

10 

Min 



Sinking, V 0 = 13V 

35 

24 

24 

24 

mA 



(Note 11) 


7 

8 

8 

Min 

•s 

Supply Current 

Both Amplifiers 

32 

38 

38 

46 

juA 



V+ = +5V, V 0 = 1.5V 


60 

46 

56 

Max 



Both Amplifiers 


47 

47 

57 

jxA 



V+ = + 1 5V, Vq = 7.5V 


70 

55 

66 

Max 
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AC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C, Boldface limits apply at the temperature extremes. V+ = 5V, 
V~ = OV, Vqm = 1.5V, Vq = 2.5V and Rl > 1M unless otherwise specified. 





Typ 

(Note 5) 

LMC6062AM 

LMC6062AI 

LMC6062I 


Symbol 

Parameter 

Conditions 

Limit 

Limit 

Limit 

Units 




(Note 6) 

(Note 6) 

(Note 6) 


SR 

Slew Rate 

(Note 8) 

35 

20 

20 

15 

V/ms 





8 

io 

7 

Min 

GBW 

Gain-Bandwidth Product 


100 




kHz 

0m 

Phase Margin 


50 




Deg 


Amp-to-Amp Isolation 

(Note 9) 

155 




dB 

e n 

Input-Referred Voltage Noise 

F = 1 kHz 

83 




nV/VHz 

■n 

Input-Referred Current Noise 

F = 1 kHz 

0.0002 




pA/t/Hz 

T.H.D. 

Total Harmonic Distortion 

F = 1 kHz, Ay = -5 

R L = 100 kn, Vq = 2 Vpp 
± 5V Supply 

0.01 




% 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 

Note 2: Applies to both single-supply and split-supply operation. Continous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. Output currents in excess of ±30 mA over long term may adversely affect reliability. 

Note 3: The maximum power dissipation is a function of Tj(Max)> #ja> and Ta. The maximum allowable power dissipation at any ambient temperature is Pd = 
(Tj(Max) “ Ta)/0ja- 

Note 4: Human body model, 1.5 kft in series with 100 pF. 

Note 5: Typical values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: V+ = 15V, Vqm = 7.5V and Rl connected to 7.5V. For Sourcing tests, 7.5V <: Vq ^ 1 1.5V. For Sinking tests, 2.5V £ Vq ^ 7.5V. 

Note 8: V+ = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 

Note 9: Input referred V+ = 15V and Rl = 100 kft connected to 7.5V. Each amp excited in turn with 100 Hz to produce Vo = 12 Vpp. 

Note 10: For operating at elevated temperatures the device must be derated based on the thermal resistance 0 ja with Pq = (Tj-Ta)/0ja- 
Note 11: Do not connect output to V+, when V+ is greater than 13V or reliability witll be adversely affected. 

Note 12: All numbers apply for packages soldered directly into a PC board. 

Note 13: For guaranteed Military Temperature Range parameters, see RETSMC6062X. 
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OUTPUT VOLTAGE REFERENCED TO V+ (V) CMRR (dB) 


Typical Performance Characteristics Vs = ±7.5 V,Ta = 25°C, Unless otherwise specified 


Distribution of LMC6062 
Input Offset Voltage 
(T A = + 25°C) 

570 Amplifiers from 3 Wafer Lots 
■ V+ = 5V 

T A « +25°C ■■ 

N Package 


Distribution of LMC6062 
Input Offset Voltage 
(T A = — 55°C) 

570 Amplifiers from 3 Wafer Lots 
■ V+ = 5V 
T A = -55°C 
' N Package 


Distribution of LMC6062 
Input Offset Voltage 
(T A = + 125°C) 


570 Amplifiers 
from 3 Wafer Lots 
V+ = 5V 
T A = + 125°C 
N Package 


OFFSET VOLTAGE (mV) 


OFFSET VOLTAGE (mV) 


OFFSET VOLTAGE (mV) 


input Bias Current 
vs Temperature 


100 pA 






z 

1 nA 





z 


1 pA 





















100aA 









0 25 50 75 100 125 150 

TEMPERATURE (°C) 

Common Mode 
Rejection Ratio 
vs Frequency 



Supply Current 
vs Supply Voltage 



0 2 4 6 8 10 12 14 16 

TOTAL SUPPLY VOLTAGE (Vdc) 

Power Supply Rejection 
Ratio vs Frequency 



10 100 Ik 10k 

FREQUENCY (Hz) 


Input Voltage 
vs Output Voltage 



-20 1 > I I I I I I I L! I 

-10 -8 -6 -4 -2 0 2 4 6 8 10 

OUTPUT VOLTAGE (V) 

Input Voltage Noise 
vs Frequency 



100 Ik 

FREQUENCY (Hz) 


Output Characteristics 
Sourcing Current 



0.001 I 1 1 1 1 

0.001 0.01 0.1 1 10 100 


OUTPUT SOURCE CURRENT (mA) 


Output Characteristics 
Sinking Current 



0.001 1 1 ■ 1 < 1 

0.001 0.01 0.1 1 10 100 


OUTPUT SINK CURRENT (mA) 


Gain and Phase Response 
vs Temperature 
(— 55°C to +125°C) 

ir™raiR=i»i 


10k 100k 

FREQUENCY (Hz) 
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PHASE (Degrees) 



OPEN - LOOP VOLTAGE GAIN (dB) 


Typical Performance Characteristics Vs = ± 7.5V, Ta = 25°C, Unless otherwise specified 


Gain and Phase 
Response vs Capacitive Load 
with R l = 20 kn 

M m - 


Gain and Phase 
Response vs Capacitive Load 
with R l = 500 kft 


o -I pH , 

SSi 


Open Loop 
Frequency Response 



-20 I 1 1 1 L-=_J 1 1 — —a 1 

0.010.1 1 10 100 Ik 10k 100k 1M 10M 


Inverting Small Signal 
Pulse Response 



Inverting Large Signal 
Pulse Response 



Non-Inverting Small 
Signal Pulse Response 



TIME (10 /ts/Div) 


TIME (100 /xs/Div) 


TIME (10 jis/Div) 


Non-Inverting Large 
Signal Pulse Response 



Crosstalk Rejection 
vs Frequency 



Stability vs Capacitive 
Load, Rl = 20 kft 


ft = 20 kfl 

4-1 

Unstabl* | | I 

tor Oscillation - 
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Applications Hints 


AMPLIFIER TOPOLOGY 

The LMC6062 incorporates a novel op-amp design topology 
that enables it to maintain rail-to-rail output swing even 
when driving a large load. Instead of relying on a push-pull 
unity gain output buffer stage, the output stage is taken di- 
rectly from the internal integrator, which provides both low 
output impedance and large gain. Special feed-forward 
compensation design techniques are incorporated to main- 
tain stability over a wider range of operating conditions than 
traditional micropower op-amps. These features make the 
LMC6062 both easier to design with, and provide higher 
speed than products typically found in this ultra-low power 
class. 

COMPENSATING FOR INPUT CAPACITANCE 

It is quite common to use large values of feedback resist- 
ance for amplifiers with ultra-low input current, like the 
LMC6062. 

Although the LMC6062 is highly stable over a wide range of 
operating conditions, certain precautions must be met to 
achieve the desired pulse response when a large feedback 
resistor is used. Large feedback resistors and even small 
values of input capacitance, due to transducers, photodi- 
odes, and circuit board parasitics, reduce phase margins. 
When high input impedances are demanded, guarding of 
the LMC6062 is suggested. Guarding input lines will not only 
reduce leakage, but lowers stray input capacitance as well. 
(See Printed-Circuit-Board Layout for High impedance 
Work). 

The effect of input capacitance can be compensated for by 
adding a capacitor. Place a capacitor, Cf, around the feed- 
back resistor (as in Figure 1 ) such that: 

1 1 
2ttRiC|n 27rR2Cf 
or 

Rl C| N ^ R 2 C f 

Since it is often difficult to know the exact value of Cin, Cf 
can be experimentally adjusted so that the desired pulse 
response is achieved. Refer to the LMC660 and the 
LMC662 for a more detailed discussion on compensating 
for input capacitance. 

c f 



FIGURE 1. Canceling the Effect of Input Capacitance 
CAPACITIVE LOAD TOLERANCE 

All rail-to-rail output swing operational amplifiers have volt- 
age gain in the output stage. A compensation capacitor is 
normally included in this integrator stage. The frequency lo- 
cation of the dominate pole is affected by the resistive load 
on the amplifier. Capacitive load driving capability can be 
optimized by using an appropriate resistive load in parallel 
with the capacitive load (see typical curves). 


Direct capacitive loading will reduce the phase margin of 
many op-amps. A pole in the feedback loop is created by 
the combination of the op-amp’s output impedance and the 
capacitive load. This pole induces phase lag at the unity- 
gain crossover frequency of the amplifier resulting in either 
an oscillatory or underdamped pulse response. With a few 
external components, op amps can easily indirectly drive 
capacitive loads, as shown in Figure 2a. 



TL/H/1 1298-5 

FIGURE 2a. LMC6062 Noninverting Gain of 10 Amplifier, 
Compensated to Handle Capacitive Loads 

In the circuit of Figure 2a t Rl and Cl serve to counteract 
the loss of phase margin by feeding the high frequency 
component of the output signal back to the amplifier’s in- 
verting input, thereby preserving phase margin in the overall 
feedback loop. 

Capacitive load driving capability is enhanced by using a pull 
up resistor to V+ (Figure 2b). Typically a pull up resistor 
conducting 1 0 juA or more will significantly improve capaci- 
tive load responses. The value of the pull up resistor must 
be determined based on the current sinking capability of the 
amplifier with respect to the desired output swing. Open 
loop gain of the amplifier can also be affected by the pull up 
resistor (see Electrical Characteristics). 

v+ 



TL/H/1 1298-14 

FIGURE 2b. Compensating for Large Capacitive Loads 
with a Pull Up Resistor 

PRINTED-CIRCUIT-BOARD LAYOUT 
FOR HIGH-IMPEDANCE WORK 

It is generally recognized that any circuit which must oper- 
ate with less than 1 000 pA of leakage current requires spe- 
cial layout of the PC board. When one wishes to take advan- 
tage of the ultra-low bias current of the LMC6062, typically 
less than 1 0 f A, it is essential to have an excellent layout. 
Fortunately, the techniques of obtaining low leakages are 
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Applications Hints (Continued) 

quite simple. First* the user must not ignore the surface 
leakage of the PC board, even though it may sometimes 
appear acceptably low, because under conditions of high 
humidity or dust or contamination, the surface leakage will 
be appreciable. 

To minimize the effect of any surface leakage, lay out a ring 
of foil completely surrounding the LMC6062’s inputs and the 
terminals of capacitors, diodes, conductors, resistors, relay 
terminals etc. connected to the op-amp’s inputs, as in Fig- 
ure 3. To have a significant effect, guard rings should be 
placed on both the top and bottom of the PC board. This PC 
foil must then be connected to a voltage which is at the 
same voltage as the amplifier inputs, since no leakage cur- 
rent can flow between two points at the same potential. For 
example, a PC board trace-to-pad resistance of 10 12 ft, 
which is normally considered a very large resistance, could 
leak 5 pA if the trace were a 5V bus adjacent to the pad of 
the input. This would cause a 100 times degradation from 
the LMC6062’s actual performance. However, if a guard 
ring is held within 5 mV of the inputs, then even a resistance 
of 1 0H ft would cause only 0.05 pA of leakage current. See 
Figures 4a, 4b, 4c for typical connections of guard rings for 
standard op-amp configurations. 




TL/H/1 1298-6 

FIGURE 3. Example of Guard Ring in P.C. Board Layout 




ci 



R2 




TL/H/1 1298-9 

(c) Follower 

FIGURE 4. Typical Connections of Guard Rings 

The designer should be aware that when it is inappropriate 
to lay out a PC board for the sake of just a few circuits, there 
is another technique which is even better than a guard ring 
on a PC board: Don’t insert the amplifier’s input pin into the 
board at all, but bend it up in the air and use only air as an 
insulator. Air is an excellent insulator. In this case you may 
have to forego some of the advantages of PC board con- 
struction, but the advantages are sometimes well worth the 
effort of using point-to-point up-in-the-air wiring. See 
Figure 5. 
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Latchup 

CMOS devices tend to be susceptible to latchup due to their 
internal parasitic SCR effects. The (I/O) input and output 
pins look similar to the gate of the SCR. There is a minimum 
current required to trigger the SCR gate lead. The LMC6062 
and LMC6082 are designed to withstand 1 00 mA surge cur- 
rent on the I/O pins. Some resistive method should be used 
to isolate any capacitance from supplying excess current to 
the I/O pins. In addition, like an SCR, there is a minimum 
holding current for any latchup mode. Limiting current to the 
supply pins will also inhibit latchup susceptibility. 


FEEDBACK 

CAPACITOR 



(Input pins are lifted out of PC board and soldered directly to components. 
All other pins connected to PC board). 

FIGURE 5. Air Wiring 


Typical Single-Supply 
Applications 

(V+ = 5.0 V DC ) 

The extremely high input impedance, and low power con- 
sumption, of the LMC6062 make it ideal for applications that 
require battery-powered instrumentation amplifiers. Exam- 
ples of these types of applications are hand-held pH probes, 
analytic medical instruments, magnetic field detectors, gas 
detectors, and silicon based pressure transducers. 

Figure 6 shows an instrumentation amplifier that features 
high differential and common mode input resistance 
(> 10 14 fl), 0 . 01 % gain accuracy at A v = 100 , excellent 
CMRR with 1 kfl imbalance in bridge source resistance. 
Input current is less than 100 fA and offset drift is less than 
2.5 juV/°C. R 2 provides a simple means of adjusting gain 
over a wide range without degrading CMRR. R 7 is an initial 
trim used to maximize CMRR without using super precision 
matched resistors. For good CMRR over temperature, low 
drift resistors should be used. 



” TL/H/ 11298-11 

If Ri = R 5> R 3 = R 6 , and R 4 = R7; then 
Vqut _ r 2 + 2R 1 x R4 
V| N R 2 r 3 

.'.A v ~ 100 for circuit shown (R 2 = 9.822k). 

FIGURE 6. Instrumentation Amplifier 
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Typical Single-Supply Applications (v+ = 5.0 v DC ) (continued) 



TL/H/1 1298-12 

FIGURE 7. Low-Leakage Sample and Hold 


R4 



TL/H/1 1298-13 

FIGURE 8. 1 Hz Square Wave Oscillator 
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National Semiconductor 


LMC6064 Precision CMOS Quad 
Micropower Operational Amplifier 


General Description 

The LMC6064 is a precision quad low offset voltage, micro- 
power operational amplifier, capable of precision single sup- 
ply operation. Performance characteristics include ultra low 
input bias current, high voltage gain, rail-to-rail output swing, 
and an input common mode voltage range that includes 
ground. These features, plus its low power consumption 
make the LMC6064 ideally suited for battery powered appli- 
cations. 

Other applications using the LMC6064 include precision full- 
wave rectifiers, integrators, references, sample-and-hold cir- 
cuits, and true instrumentation amplifiers. 

This device is built with National’s advanced double-Poly 
Silicon-Gate CMOS process. 

For designs that require higher speed, see the LMC6084 
precision quad operational amplifier. 

For single or dual operational amplifier with similar features, 
see the LMC6061 or LMC6062 respectively. 

PATENT PENDING 


Features (Typical Unless Otherwise Noted) 

■ Low offset voltage 1 00 ju,V 

■ Ultra low supply current 16 jllA/ Amplifier 

■ Operates from 4.5V to 1 5V single supply 

■ Ultra low input bias current 10 fA 

■ Output swing within 10 mV of supply rail, 100k load 

■ Input common-mode range includes V - 

■ High voltage gain 140 dB 

■ Improved latchup immunity 

Applications 

■ Instrumentation amplifier 

■ Photodiode and infrared detector preamplifier 

■ Transducer amplifiers 

■ Hand-held analytic instruments 

■ Medical instrumentation 

■ D/A converter 

■ Charge amplifier for piezoelectric transducers 


Connection Diagram 


14-Pin DIP/SO 



OUTPUT 4 
INVERTING INPUT 4 
NON-INVERTING INPUT 4 

V- 

N0N-INVERTING INPUT 3 
INVERTING INPUT 3 
OUTPUT 3 


Top View 


TL/H/ 11466-1 


Ordering Information 


Package 

Temperature Range 

NSC 

Drawing 

Transport 

Media 

Military 

— 55°C to +125°C 

Industrial 

— 40°C to +85°C 

14-Pin 

Molded DIP 

LMC6064AMN 

LMC6064AIN 

LMC6064IN 

N14A 

Rail 

14-Pin 

Small Outline 


LMC6064AIM 

LMC6064IM 

M14A 

Rail 

Tape and Reel 

14-Pin 

Ceramic DIP 

LMC6064AMJ 


J14A 

Rail 



1-793 


LMC6064 



LMC6064 


Absolute Maximum Ratings (Note d 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Differential Input Voltage ± Supply Voltage 

Voltage at Input/Output Pin (V + ) + 0.3V, 

(V-) -0.3V 

Supply Voltage (V + - V ~ ) 16V 

Output Short Circuit to V + (Note 1 1 ) 

Output Short Circuit to V ~ (Note 2) 

Lead T emperature (Soldering, 1 0 sec.) 260°C 

Storage T emp. Range - 65°C to + 1 50°C 

Junction Temperature 1 50°C 

ESD Tolerance (Note 4) 2 kV 


Current at Input Pin 
Current at Output Pin 
Current at Power Supply Pin 
Power Dissipation 


±10 mA 
±30 mA 
40 mA 
(Note 3) 


Operating Ratings (Note i> 

Temperature Range 

LMC6064AM - 55°C ^ Tj £ + 1 25°C 

LMC6064AI, LMC6064I -40°C ^ Tj £ + 85°C 

Supply Voltage 4.5V <; V+ <; 15.5V 

Thermal Resistance (0 ja) (Note 12) 

14-Pin Molded DIP 81°C/W 

14-Pin SO 1 26°C/W 

Power Dissipation (Note 10) 


DC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C. Boldface limits apply at the temperature extremes. V+ = 5V, 
V- = 0V, Vqm = 1.5V, Vq = 2.5V and R|_ > 1M unless otherwise specified. 






Typ 

(Note 5) 

LMC6064AM 

LMC6064AI 

LMC6064I 


Symbol 

Parameter 

Conditions 

Limit 

Limit 

Limit 

Units 





(Note 6) 

(Note 6) 

(Note 6) 


Vos 

Input Offset Voltage 







/*v 





■ ■ 




Max 

TCV 0S 

Input Offset Voltage 
Average Drift 


m 




ju-V/°C 

•b 

Input Bias Current 



0.010 




PA 






100 

4 

4 

Max 

•os 

Input Offset Current 



0.005 




PA 






100 

2 

2 

Max 




>10 




TeraH 

CMRR 

Common Mode 

ov <; v C M ^ 12.0 V 

85 


75 

66 

dB 


Rejection Ratio 

V+ = 15V 



■■ 

72 

63 

Min 

+ PSRR 

Positive Power Supply 

5V<£ V+ ^ 15V 

85 

— 


66 

dB 


Rejection Ratio 

Vo « 2.5 V 





63 

Min 

— PSRR 

Negative Power Supply 

ov ^ v- <; - 

10V 


84 

84 


dB 


Rejection Ratio 




70 

81 

SBBrfliM 

Min 

Vcm 

Input Common-Mode 

V+ = 5V and 15V 


-0.1 


HI 

V 


Voltage Range 

for CMRR ;> 60 dB 


0 


mam 

Max 






00 

cvi 

1 

+ 

> 

HH 


V 






V+ - 2.6 

ESI1 


Min 

Av 

Large Signal 

R L = 100 m 

Sourcing 

4000 

400 

400 

■ 

V/mV 


Voltage Gain 

(Note 7) 



200 

300 

1 

Min 




Sinking 

3000 


180 

90 

V/mV 







100 

60 

Min 



R l = 25 kn 

Sourcing 

3000 

400 

400 

200 

V/mV 



(Note 7) 



150 

150 

80 

Min 




Sinking 

2000 

100 

100 


V/mV 



■ 



35 

50 


Min 
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DC Electrical Characteristics (Continued) 

Unless otherwise specified, all limits guaranteed for Tj = 25°C. Boldface limits apply at the temperature extremes. V+ = 5V, 
V - = OV, Vqm = 1.5V, Vq = 2.5V and Rl > 1M unless otherwise specified. 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LMC6064AM 

Limit 
(Note 6) 

LMC6064AI 

Limit 
(Note 6) 

LMC6064I 
Limit 
(Note 6) 

Units 

Vo 

Output Swing 

> 

in 

li 

+ 

> 

4.995 

4.990 

4.990 

4.950 

V 



R l = 100 kfl to 2.5V 


4.970 

4.980 

4.925 

Min 




0.005 

0.010 

0.010 

0.050 

V 





0.030 

0.020 

0.075 

Max 



V+ = 5V 

4.990 

4.975 

4.975 

4.950 

V 



R l = 25 kn to 2.5 V 


4.955 

4.965 

4.850 

Min 




0.010 

0.020 

0.020 

0.050 

V 





0.045 

0.035 

0.150 

Max 



v+ = 15V 

14.990 

14.975 

14.975 

14.950 

V 



R l = 1 00 kH to 7.5V 


14.955 

14.965 

14.925 

Min 




0.010 

0.025 

0.025 

0.050 

V 





0.050 

0.035 

0.075 

Max 



V+ = 15V 

14.965 

14.900 

14.900 

14.850 

V 



R l = 25 kft to 7.5V 


14.800 

14.850 

14.800 

Min 




0.025 

0.050 

0.050 

0.100 

V 





0.200 

0.150 

0.200 

Max 

•o 

Output Current 

Sourcing, Vo = 0V 

22 

16 

16 

13 

mA 


V+ = 5V 



8 

10 

8 

Min 



Sinking, Vq = 5V 

21 

16 

16 

16 

mA 





7 

8 

8 

Min 

•o 

Output Current 

Sourcing, Vo = 0V 

25 

15 

15 

15 

mA 


V+ = 15V 



9 

10 

10 

Min 



Sinking, Vq = 13V 

35 

24 

24 

24 

mA 



(Note 11) 


7 

8 

8 

Min 


Supply Current 

All Four Amplifiers 

64 

76 

76 

92 

jmA 



V+ = +5V,V 0 = 1.5V 


120 

92 

112 

Max 



All Four Amplifiers 


94 

94 

114 

juA 



V+ = + 15V, V 0 = 7.5V 

80 

140 

110 

132 

Max 
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AC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj - 25°C, Boldface limits apply at the temperature extremes. V+ = 5V, 
V- = OV, Vqm = 1.5V, Vq = 2.5V and Rl > 1M unless otherwise specified. 





Typ 

(Note 5) 

LMC6064AM 

LMC6064AI 

LMC6064I 


Symbol 

Parameter 

Conditions 

Limit 

Limit 

Limit 

Units 




(Note 6) 

(Note 6) 

(Note 6) 


SR 

Slew Rate 

(Note 8) 

35 

20 

20 

15 

V/ms 





8 

10 

7 

Min 

GBW 

Gain-Bandwidth Product 


100 




kHz 

0m 

Phase Margin 


50 




Deg 


Amp-to-Amp Isolation 

(Note 9) 

155 




dB 

e n 

Input-Referred Voltage Noise 

F = 1 kHz 





nV/yfli 

*n 

Input-Referred Current Noise 

F = 1 kHz 





pA/\/Hz 

T.H.D. 

Total Harmonic Distortion 

F = 1 kHz, A v = -5 

R l = 100 kft, V 0 = 2 Vpp 
± 5V Supply 

0.01 




% 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 

Note 2: Applies to both single-supply and split-supply operation. Continous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. Output currents in excess of ±30 mA over long term may adversely affect reliability. 

Note 3: The maximum power dissipation is a function of Tj(Max). #ja. and Ta- The maximum allowable power dissipation at any ambient temperature is Pq = 
(Tj(Max) — Ta)/0jA" 

Note 4: Human body model, 1.5 kft in series with 100 pF. 

Note 5: Typical values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: V+ = 15V, Vqm = 7.5V and Rl connected to 7.5V. For Sourcing tests, 7.5V <£ Vo ^ 11.5V. For Sinking tests, 2.5V £ Vq ^ 7.5V. 

Note 8: V+ = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 

Note 9: Input referred V+ = 15V and Rl = 100 kft connected to 7.5V. Each amp excited in turn with 100 Hz to produce Vq = 12 Vpp. 

Note 10: For operating at elevated temperatures the device must be derated based on the thermal resistance 0ja with Pq = (Tj-Ta)/0ja- 
Note 11: Do not connect output to V+, when V+ is greater than 13V or reliability witll be adversely affected. 

Note 12: All numbers apply for packages soldered directly into a PC board. 

Note 13: For guaranteed Military Temperature Range parameters see RETSMC6064X. 
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Typical Performance Characteristics Vs = +7.5V.TA = 25°C, Unless otherwise specified 


Distribution of LMC6064 
Input Offset Voltage 
(T A = + 25°C) 



OFFSET VOLTAGE (mV) 


Distribution of LMC6064 
Input Offset Voltage 
(T A = — 55°C) 


570 Amplifiers from 3 Wafer Lots 
[ V+ = 5V 
= -55°C 
f N" Package 



o o o o 


o o o o 


OFFSET VOLTAGE (mV) 


Input Bias Current 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 

Common Mode 
Rejection Ratio 
vs Frequency 
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10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Supply Current 
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TOTAL SUPPLY VOLTAGE (Vdc) 


Power Supply Rejection 
Ratio vs Frequency 







~n 

V+ Sudd 

y 


5 T 








X 


Sup; 


V 






\ 


\ 



j_ 





\ 



i 






N 


1 10 100 Ik 10k 

FREQUENCY (Hz) 


Output Characteristics 
Sourcing Current 



OUTPUT SOURCE CURRENT (mA) 



Distribution of LMC6064 
Input Offset Voltage 
(T A = +125°C) 

30 
27 
24 
21 
18 
15 
12 
9 
6 
3 
0 

CMCOCMOO-^O^OOCMiOCM 
o> r-~ ■< cn cs o> ^ 

idodd dodo 

I i I l 

OFFSET VOLTAGE (mV) 



Input Voltage 



-10 -8 -6 -4 -2 0 2 4 6 8 10 
OUTPUT VOLTAGE (V) 


I 


Input Voltage Noise 



10 100 Ik 10k 

FREQUENCY (Hz) 


Gain and Phase Response 
vs Temperature 



-45 


Ik 10k 100k 1M 

FREQUENCY (Hz) 
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OPEN - LOOP VOLTAGE GAIN (dB) 


Typical Performance Characteristics Vs = ± 7.5V, Ta = 25°C, Unless otherwise specified 


Gain and Phase 
Response vs Capacitive Load 
with R l = 20 ka 




Gain and Phase 
Response vs Capacitive Load 
with R l = 500 kH 


10 

- — ■ WZ- 


Open Loop 
Frequency Response 



-20 I I 1 I LI-1 I L_LSI I 

0.01 0.1 1 10 100 Ik 10k 100k 1M 10M 


Inverting Small Signal 
Pulse Response 



inverting Large Signal 
Pulse Response 



Non-Inverting Small 
Signal Pulse Response 



TIME (10 /is/Div) 


TIME (100 /ts/Div) 


Non-Inverting Large 
Signal Pulse Response 



Crosstalk Rejection 
vs Frequency 



Stability vs Capacitive 
Load, Rl = 20 kft 



TIME (100 n%/ Div) 


-6 -5-4-3-2 -1 0 1 2 3 4 5 
OUTPUT VOLTAGE (V) 


Stability vs Capacitive 
Load Rl = 1 M SI 



-6 -5-4-3-2-10 1 2 3 4 5 6 
OUTPUT VOLTAGE (V) 
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Applications Hints 

AMPLIFIER TOPOLOGY 

The LMC6064 incorporates a novel op-amp design topology 
that enables it to maintain rail-to-rail output swing even 
when driving a large load. Instead of relying on a push-pull 
unity gain output buffer stage, the output stage is taken di- 
rectly from the internal integrator, which provides both low 
output impedance and large gain. Special feed-forward 
compensation design techniques are incorporated to main- 
tain stability over a wider range of operating conditions than 
traditional micropower op-amps. These features make the 
LMC6064 both easier to design with, and provide higher 
speed than products typically found in this ultra-low power 
class. 

COMPENSATING FOR INPUT CAPACITANCE 

It is quite common to use large values of feedback resist- 
ance for amplifiers with ultra-low input current, like the 
LMC6064. 

Although the LMC6064 is highly stable over a wide range of 
operating conditions, certain precautions must be met to 
achieve the desired pulse response when a large feedback 
resistor is used. Large feedback resistors and even small 
values of input capacitance, due to transducers, photodi- 
odes, and circuit board parasitics, reduce phase margins. 
When high input impedances are demanded, guarding of 
the LMC6064 is suggested. Guarding input lines will not only 
reduce leakage, but lowers stray input capacitance as well. 
(See Printed-Circuit-Board Layout for High impedance 
Work). 

The effect of input capacitance can be compensated for by 
adding a capacitor. Place a capacitor, Cf, around the feed- 
back resistor (as in Figure 1 ) such that: 

1 1 
27tR-jC||\| 27rR2Cf 
or 

Rl C| N ^ R 2 C f 

Since it is often difficult to know the exact value of Cin, Cf 
can be experimentally adjusted so that the desired pulse 
response is achieved. Refer to the LMC660 and the 
LMC662 for a more detailed discussion on compensating 
for input capacitance. 


c f 



FIGURE 1. Canceling the Effect of Input Capacitance 
CAPACITIVE LOAD TOLERANCE 

All rail-to-rail output swing operational amplifiers have volt- 
age gain in the output stage. A compensation capacitor is 
normally included in this integrator stage. The frequency lo- 
cation of the dominate pole is affected by the resistive load 
on the amplifier. Capacitive load driving capability can be 
optimized by using an appropriate resistive load in parallel 
with the capacitive load (see typical curves). 


Direct capacitive loading will reduce the phase margin of 
many op-amps. A pole in the feedback loop is created by 
the combination of the op-amp’s output impedance and the 
capacitive load. This pole induces phase lag at the unity- 
gain crossover frequency of the amplifier resulting in either 
an oscillatory or underdamped pulse response. With a few 
external components, op amps can easily indirectly drive 
capacitive loads, as shown in Figure 2a. 

+v 



TL/H/1 1466-5 

FIGURE 2a. LMC6064 Noninverting Gain of 10 Amplifier, 
Compensated to Handle Capacitive Loads 

In the circuit of Figure 2a, Rl and Cl serve to counteract 
the loss of phase margin by feeding the high frequency 
component of the output signal back to the amplifier’s in- 
verting input, thereby preserving phase margin in the overall 
feedback loop. 

Capacitive load driving capability is enhanced by using a pull 
up resistor to V+ (Figure 2b). Typically a pull up resistor 
conducting 10 juA or more will significantly improve capaci- 
tive load responses. The value of the pull up resistor must 
be determined based on the current sinking capability of the 
amplifier with respect to the desired output swing. Open 
loop gain of the amplifier can also be affected by the pull up 
resistor (see Electrical Characteristics). 


v+ 



TL/H/1 1466-6 

FIGURE 2b. Compensating for Large Capacitive Loads 
with a Pull Up Resistor 

PRINTED-CIRCUIT-BOARD LAYOUT 
FOR HIGH-IMPEDANCE WORK 

It is generally recognized that any circuit which must oper- 
ate with less than 1 000 pA of leakage current requires spe- 
cial layout of the PC board. When one wishes to take advan- 
tage of the ultra-low bias current of the LMC6064, typically 
less than 1 0 f A, it is essential to have an excellent layout. 
Fortunately, the techniques of obtaining low leakages are 
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Applications Hints (Continued) 

quite simple. First, the user must not ignore the surface 
leakage of the PC board, even though it may sometimes 
appear acceptably low, because under conditions of high 
humidity or dust or contamination, the surface leakage will 
be appreciable. 

To minimize the effect of any surface leakage, lay out a ring 
of foil completely surrounding the LMC6064’s inputs and the 
terminals of capacitors, diodes, conductors, resistors, relay 
terminals etc. connected to the op-amp’s inputs, as in Fig- 
ure 3. To have a significant effect, guard rings should be 
placed on both the top and bottom of the PC board. This PC 
foil must then be connected to a voltage which is at the 
same voltage as the amplifier inputs, since no leakage cur- 
rent can flow between two points at the same potential. For 
example, a PC board trace-to-pad resistance of 10 12 ft, 
which is normally considered a very large resistance, could 
leak 5 pA if the trace were a 5 V bus adjacent to the pad of 
the input. This would cause a 100 times degradation from 
the LMC6064’s actual performance. However, if a guard 
ring is held within 5 mV of the inputs, then even a resistance 
of 1011ft would cause only 0.05 pA of leakage current. See 
Figures 4a, 4b, 4c for typical connections of guard rings for 
standard op-amp configurations. 




TL/H/ 11466-7 

FIGURE 3. Example of Guard Ring in P.C. Board Layout 


ci 



(a) Inverting Amplifier 

R2 




OUTPUT 
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FIGURE 4. Typical Connections of Guard Rings 


The designer should be aware that when it is inappropriate 
to lay out a PC board for the sake of just a few circuits, there 
is another technique which is even better than a guard ring 
on a PC board: Don’t insert the amplifier’s input pin into the 
board at all, but bend it up in the air and use only air as an 
insulator. Air is an excellent insulator. In this case you may 
have to forego some of the advantages of PC board con- 
struction, but the advantages are sometimes well worth the 
effort of using point-to-point up-in-the-air wiring. See 
Figure 5. 
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Latchup 

CMOS devices tend to be susceptible to latchup due to their 
internal parasitic SCR effects. The (I/O) input and output 
pins look similar to the gate of the SCR. There is a minimum 
current required to trigger the SCR gate lead. The LMC6064 
and LMC6082 are designed to withstand 100 mA surge cur- 
rent on the I/O pins. Some resistive method should be used 
to isolate any capacitance from supplying excess current to 
the I/O pins. In addition, like an SCR, there is a minimum 
holding current for any latchup mode. Limiting current to the 
supply pins will also inhibit latchup susceptibility. 


FEEDBACK 

CAPACITOR 



(Input pins are lifted out of PC board and soldered directly to components. 
All other pins connected to PC board). 

FIGURE 5. Air Wiring 


Typical Single-Supply 
Applications 

(V+ = 5.0 V DC ) 

The extremely high input impedance, and low power con- 
sumption, of the LMC6064 make it ideal for applications that 
require battery-powered instrumentation amplifiers. Exam- 
ples of these types of applications are hand-held pH probes, 
analytic medical instruments, magnetic field detectors, gas 
detectors, and silicon based pressure transducers. 

Figure 6 shows an instrumentation amplifier that features 
high differential and common mode input resistance 
(>10 14 n), 0.01% gain accuracy at Ay = 100, excellent 
CMRR with 1 ka imbalance in bridge source resistance. 
Input current is less than 100 fA and offset drift is less than 
2.5 jliV/°C. R 2 provides a simple means of adjusting gain 
over a wide range without degrading CMRR. R 7 is an initial 
trim used to maximize CMRR without using super precision 
matched resistors. For good CMRR over temperature, low 
drift resistors should be used. 



TL/H/1 1466-12 

If R-j = R5, R3 = Rg, and R4 = R7; then 
VpUT _ ^2 + 2 Ri x R4 
V| N R2 R3 

.'.Av ~ 100 for circuit shown (R2 = 9 . 822 k). 

FIGURE 6. Instrumentation Amplifier 
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Typical Single-Supply Applications <v ■ = 5.0 v DC ) (continued) 


+5V 

L 

^CD4066 

-j- 0.1 


OR POLYSTYRENE 


FIGURE 7. Low-Leakage Sample and Hold 



FIGURE 8. 1 Hz Square Wave Oscillator 
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LMC6081 Precision CMOS Single Operational Amplifier 


General Description 

The LMC6081 is a precision low offset voltage operational 
amplifier, capable of single supply operation. Performance 
characteristics include ultra low input bias current, high volt- 
age gain, rail-to-rail output swing, and an input common 
mode voltage range that includes ground. These features, 
plus its low offset voltage, make the LMC6081 ideally suited 
for precision circuit applications. 

Other applications using the LMC6081 include precision full- 
wave rectifiers, integrators, references, and sample-and- 
hold circuits. 

This device is built with National’s advanced Double-Poly 
Silicon-Gate CMOS process. 

For designs with more critical power demands, see the 
LMC6061 precision micropower operational amplifier. 

For a dual or quad operational amplifier with similar fea- 
tures, see the LMC6082 or LMC6084 respectively. 


Features (Typical unless otherwise stated) 

■ Low offset voltage 1 50 julV 

■ Operates from 4.5V to 15V single supply 

■ Ultra low input bias current 10 fA 

■ Output swing to within 20 mV of supply rail, 100k load 

■ Input common-mode range includes V~ 

■ High voltage gain 130 dB 

■ Improved latchup immunity 

Applications 

■ Instrumentation amplifier 

■ Photodiode and infrared detector preamplifier 

■ T ransducer amplifiers 

■ Medical instrumentation 

■ D/A converter 

■ Charge amplifier for piezoelectric transducers 


PATENT PENDING 


Connection Diagram 


8-Pin DIP/SO 
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Ordering Information 


Package 

Temperature Range 

NSC 

Drawing 

Transport 

Media 

Military 

— 55°C to + 125°C 

Industrial 

— 40°C to +85°C 

8-Pin 

Molded DIP 

LMC6081AMN 

LMC6081AIN 

LMC6081IN 

N08E 

Rail 

8-Pin 

Small Outline 


LMC6081AIM 
LMC6081 IM 

M08A 

Rail 

Tape and Reel 


1 
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Absolute Maximum Ratings (Note i> 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Differential Input Voltage ± Supply Voltage 

Voltage at Input/Output Pin (V + ) + 0.3V, 

(V~) -0.3V 

Supply Voltage (V + - V ~ ) 16V 

Output Short Circuit to V + (Note 1 0) 

Output Short Circuit to V - (Note 2) 

Lead Temperature (Soldering, 1 0 Sec.) 260°C 

Storage T emp. Range - 65°C to + 1 50°C 

Junction T emperature 1 50°C 


ESD Tolerance (Note 4) 
Current at Input Pin 
Current at Output Pin 
Current at Power Supply Pin 
Power Dissipation 


2 kV 
±10 mA 
±30 mA 
40 mA 
(Note 3) 


Operating Ratings (Note d 

Temperature Range 

LMC6081 AM -55°C £ Tj <; + 125°C 

LMC6081AI, LMC6081 1 -40°C ^ Tj ^ +85°C 

Supply Voltage 4.5V <.V+ <, 15.5V 

Thermal Resistance (0 ja), (Note 11) 

N Package, 8-Pin Molded DIP 1 1 5°C/W 

M Package, 8-Pin Surface Mount 1 93°C/W 

Power Dissipation (Note 9) 


DC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C. Boldface limits apply at the temperature extremes. V+ 
V~ = 0V, Vcm = 1.5V, Vq = 2.5V and R|_ > 1M unless otherwise specified. 


Symbol 

Parameter 

Conditions 

Vos 

Input Offset Voltage 


TCV 0S 

Input Offset Voltage 
Average Drift 



Input Bias Current 


Input Offset Current 


Typ 

(Note 5) 


LMC6081AM 
Limit 
(Note 6) 

350 

lOOO 


LMC6081AI 
Limit 
(Note 6) 

350 

800 


LMC6081I 
Limit 
(Note 6) 

800 

1300 


Input Resistance 


Common Mode 
Rejection Ratio 

Positive Power Supply 
Rejection Ratio 


Negative Power Supply 
Rejection Ratio 


Input Common-Mode 
Voltage Range 


ov ^ v C m £ i2.ov 

V+ = 15V 

5V<; v+ <; 15V 
Vo = 2.5V 


ov<; v- ^ -lov 


V+ = 5V and 15V 
for CMRR ;> 60 dB 
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DC Electrical Characteristics (Continued) 


Unless otherwise specified, all limits guaranteed for Tj = 25°C. Boldface limits apply at the temperature extremes. V+ = 5V, 
V - = OV, Vqm = 1-5V, Vq = 2.5V and Rl > 1M unless otherwise specified. 





Typ 

(Note 5) 

LMC6081AM 

LMC6081AI 

LMC6081I 


Symbol 

Parameter 

Conditions 

Limit 

Limit 

Limit 

Units 




(Note 6) 

(Note 6) 

(Note 6) 


Vo 

Output Swing 

V+ = 5V 

4.87 

4.80 

4.80 

4.75 

V 



R l = 2 kn to 2.5V 

4.70 

4.73 

4.67 

Min 




0.10 

0.13 

0.13 

0.20 

V 




0.19 

0.17 

0.24 

Max 



V+ = 5V 

4.61 

4.50 

4.50 

4.40 

V 



R l = 6000 to 2.5 V 

4.24 

4.31 

4.21 

Min 




0.30 

0.40 

0.40 

0.50 

v 




0.63 

0.50 

0.63 

Max 



V+ = 15 V 

14.63 

14.50 

14.50 

14.37 

V 



R L = 2 kO to 7.5V 

14.30 

14.34 

14.25 

Min 




0.26 

0.35 

0.35 

0.44 

V 




0.48 

0.45 

0.56 

Max 



V+ = 15V 

13.90 

13.35 

13.35 

12.92 

V 



R L = 6000 to 7.5V 

12.80 

12.86 

12.44 

Min 




0.79 

1.16 

1.16 

1.33 

v 




1.42 

1.32 

1.58 

Max 

•<0 

Output Current 

Sourcing, Vq = 0V 

22 

16 

16 

13 

mA 


V+ = 5V 


8 

10 

8 

Min 



Sinking, Vq = 5V 

21 

16 

16 

13 

mA 




11 

13 

10 

Min 

to 

Output Current 

Sourcing, Vq = 0V 

30 

28 

28 

23 

mA 


V+ = 15V 


18 

22 

18 

Min 



Sinking, Vo = 13V 


28 

28 

23 

mA 



(Note 10) 

34 

19 

22 

18 

Min 

•s 

Supply Current 

V+ = + 5V,V 0 = 1.5V 

450 

750 

750 

750 

fxA 




900 

900 

900 

Max 



V+ = +15V,V 0 = 7.5V 

550 

850 

850 

850 

fiA 




950 

950 

950 

Max 
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AC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C, Boldface limits apply at the temperature extremes. V+ = 5V, 
V - = OV, Vqm = 1.5V, Vq = 2.5V and Rl > 1M unless otherwise specified. 





Typ 

(Note 5) 

LMC6081AM 

LMC6081AI 

LMC6081 


Symbol 

Parameter 

Conditions 

Limit 

Limit 

Limit 

Units 




(Note 6) 

(Note 6) 

(Note 6) 


SR 

Slew Rate 

(Note 8) 

1.5 

0.8 

0.8 

0.8 

V/jms 





0.5 

0.6 

0.6 

Min 

GBW 

Gain-Bandwidth Product 


1.3 




MHz 


Phase Margin 


50 




Deg 

e n 

Input-Referred Voltage Noise 

F = 1 kHz 

22 




nV/i/Hz 

■n 

Input-Referred Current Noise 

F = 1 kHz 

0.0002 




pA/ylHz 

T.H.D. 

Total Harmonic Distortion 

F - 10 kHz, A v = -10 
R L = 2 kfl, Vq = 8 V PP 
±5V Supply 

0.01 




% 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 

Note 2: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. Output currents in excess of ±30 mA over long term may adversely affect reliability. 

Note 3: The maximum power dissipation is a function of Tj(Max)> 0 ja> ar| d Ta- The maximum allowable power dissipation at any ambient temperature is Pq = 
Oj(Max) _ Ta) /0ja- 

Note 4: Human body model, 1 .5 k ft in series with 1 00 pF. 

Note 5: Typical values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: V+ = 15V, Vqm = 7.5V and Rl connected to 7.5V. For Sourcing tests, 7.5V ^ Vq ^ 11.5V. For Sinking tests, 2.5 V £ Vq ^ 7.5V. 

Note 8: V+ = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 

Note 9: For operating at elevated temperatures the device must be derated based on the thermal resistance 0 ja with Pq = (Tj - Ta)/0ja- 
Note 10: Do not connect output to V+, when V+ is greater than 13V or reliability will be adversely affected. 

Note 11: All numbers apply for packages soldered directly into a PC board. 
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Typical Performance Characteristics Vs = ±7.5V, T A = 25°C, Unless otherwise specified 


Distribution of LMC6081 
Input Offset Voltage 
(T A = +25°C) 


360 Amplifiers from 3 Wafer Lots 



OFFSET VOLTAGE (mV) 


Distribution of LMC6081 
Input Offset Voltage 
(T A = — 55°C) 

20 
18 
16 
14 
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10 
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4 
2 
0 

<N(£>CNOO'tfO'*COCNIlO<N 
oi r~~ cs cs ■«* ai i ^ 

i o o o d odd© 

I I I I 

OFFSET VOLTAGE (mV) 



Input Bias Current 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 

Common Mode 
Rejection Ratio 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Supply Current 



0 2 4 6 8 10 12 14 16 

TOTAL SUPPLY VOLTAGE (V) 

Power Supply Rejection 



FREQUENCY (Hz) 


Output Characteristics 
Sourcing Current 

> 100 ■ ■ ■ ■ ■ 



| 0.001 


0.001 0.01 0.1 1 10 100 


Output Characteristics 



OUTPUT SOURCE CURRENT (mA) 


OUTPUT SINK CURRENT (mA) 


Distribution of LMC6081 
Input Offset Voltage 
(T A = +125°C) 



OFFSET VOLTAGE (mV) 


Input Voltage 



-10 -8 -6 -4 -2 0 2 4 6 8 10 
OUTPUT VOLTAGE (V) 



</> 

o 


Input Voltage Noise 



10 100 Ik 10k 


FREQUENCY (Hz) 


Gain and Phase Response 
vs Temperature 
(— 55°C to +125°C) 



Ik 10k 100k 1M 10M 


1 

E 


FREQUENCY (Hz) 

TL/H/1 1423-2 
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s Typical Performance Characteristics (continued) 

O Vs = ± 7.5V, Ta = 25°C, Unless otherwise specified 


Gain and Phase 
Response vs Capacitive Load 
with R. = 600ft 
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Gain and Phase 
Response vs Capacitive Load 
with Rl = 500 kft 
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Open Loop 
Frequency Response 


0.01 0.1 1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Inverting Small Signal 
Pulse Response 


Inverting Large Signal 
Pulse Response 


Non-Inverting Small 
Signal Pulse Response 


nmiinpi 




Non-Inverting Large 
Signal Pulse Response 


Stability vs Capacitive 
Load, Ri = 600ft 


Stability vs Capacitive 
Load Rl = 1 Mft 
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Applications Hints 

AMPLIFIER TOPOLOGY 

The LMC6081 incorporates a novel op-amp design topology 
that enables it to maintain rail-to-rail output swing even 
when driving a large load. Instead of relying on a push-pull 
unity gain output buffer stage, the output stage is taken di- 
rectly from the internal integrator, which provides both low 
output impedance and large gain. Special feed-forward 
compensation design techniques are incorporated to main- 
tain stability over a wider range of operating conditions than 
traditional micropower op-amps. These features make the 
LMC6081 both easier to design with, and provide higher 
speed than products typically found in this ultra-low power 
class. 

COMPENSATING FOR INPUT CAPACITANCE 

It is quite common to use large values of feedback resist- 
ance for amplifiers with ultra-low input current, like the 
LMC6081. 

Although the LMC6081 is highly stable over a wide range of 
operating conditions, certain precautions must be met to 
achieve the desired pulse response when a large feedback 
resistor is used. Large feedback resistors and even small 
values of input capacitance, due to transducers, photodi- 
odes, and circuit board parasitics, reduce phase margins. 
When high input impedances are demanded, guarding of 
the LMC6081 is suggested. Guarding input lines will not only 
reduce leakage, but lowers stray input capacitance as well. 
(See Printed-Circuit-Board Layout for High impedance 
Work). 

The effect of input capacitance can be compensated for by 
adding a capacitor, Cf, around the feedback resistors (as in 
Figure 1 ) such that: 

1 1 
27tR-|C|n 27 rR 2 Cf 

or 

Rl C| N <£ R 2 C f 

Since it is often difficult to know the exact value of Cin, Cf 
can be experimentally adjusted so that the desired pulse 
response is achieved. Refer to the LMC660 and LMC662 for 
a more detailed discussion on compensating for input ca- 
pacitance. 


c f 



FIGURE 1. Cancelling the Effect of Input Capacitance 
CAPACITIVE LOAD TOLERANCE 

All rail-to-rail output swing operational amplifiers have volt- 
age gain in the output stage. A compensation capacitor is 
normally included in this integrator stage. The frequency lo- 
cation of the dominant pole is affected by the resistive load 
on the amplifier. Capacitive load driving capability can be 
optimized by using an appropriate resistive load in parallel 
with the capacitive load (see typical curves). 


Direct capacitive loading will reduce the phase margin of 
many op-amps. A pole in the feedback loop is created by 
the combination of the op-amp’s output impedance and the 
capacitive load. This pole induces phase lag at the unity- 
gain crossover frequency of the amplifier resulting in either 
an oscillatory or underdamped pulse response. With a few 
external components, op amps can easily indirectly drive 
capacitive loads, as shown in Figure 2a. 

+v 



FIGURE 2a. LMC6081 Noninverting Gain of 10 Amplifier, 
Compensated to Handle Capacitive Loads 

In the circuit of Figure 2a, Rl and Cl serve to counteract 
the loss of phase margin by feeding the high frequency 
component of the output signal back to the amplifier’s in- 
verting input, thereby preserving phase margin in the overall 
feedback loop. 

Capacitive load driving capability is enhanced by using a pull 
up resistor to V+ (Figure 2b). Typically a pull up resistor 
conducting 500 /xA or more will significantly improve capaci- 
tive load responses. The value of the pull up resistor must 
be determined based on the current sinking capability of the 
amplifier with respect to the desired output swing. Open 
loop gain of the amplifier can also be affected by the pull up 
resistor (see electrical characteristics). 


v+ 



TL/H/ 11423-14 

FIGURE 2b: Compensating for Large 
Capacitive Loads with a Pull Up Resistor 

PRINTED-CIRCUIT-BOARD LAYOUT 
FOR HIGH-IMPEDANCE WORK 

It is generally recognized that any circuit which must oper- 
ate with less than 1 000 pA of leakage current requires spe- 
cial layout of the PC board. When one wishes to take advan- 
tage of the ultra-low bias current of the LMC6081 , typically 
less than 1 0 fA, it is essential to have an excellent layout. 
Fortunately, the techniques of obtaining low leakages are 
quite simple. First, the user must not ignore the surface 
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Applications Hints (Continued) 

leakage of the PC board, even though it may sometimes 
appear acceptably low, because under conditions of high 
humidity or dust or contamination, the surface leakage will 
be appreciable. 

To minimize the effect of any surface leakage, lay out a ring 
of foil completely surrounding the LMC6081 ’s inputs and the 
terminals of capacitors, diodes, conductors, resistors, relay 
terminals, etc. connected to the op-amp’s inputs, as in Fig- 
ure 3. To have a significant effect, guard rings should be 
placed on both the top and bottom of the PC board. This PC 
foil must then be connected to a voltage which is at the 
same voltage as the amplifier inputs, since no leakage cur- 
rent can flow between two points at the same potential. For 
example, a PC board trace-to-pad resistance of 10 12 n, 
which is normally considered a very large resistance, could 
leak 5 pA if the trace were a 5V bus adjacent to the pad of 
the input. This would cause a 1 00 times degradation from 
the LMC6081 ’s actual performance. However, if a guard 
ring is held within 5 mV of the inputs, then even a resistance 
of 1 0 1 1 n would cause only 0.05 pA of leakage current. See 
Figures 4a, 4b, 4c for typical connections of guard rings for 
standard op-amp configurations. 


Guard Ring ■ 




(a) Inverting Amplifier 
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(b) Non-Inverting Amplifier 


Guard Ring 

TL/H/1 1423-6 

FIGURE 3. Example of Guard Ring in P.C. Board Layout 



TL/H/1 1423-9 

(c) Follower 

FIGURE 4. Typical Connections of Guard Rings 

The designer should be aware that when it is inappropriate 
to lay out a PC board for the sake of just a few circuits, there 
is another technique which is even better than a guard ring 
on a PC board: Don’t insert the amplifier’s input pin into the 
board at all, but bend it up in the air and use only air as an 
insulator. Air is an excellent insulator. In this case you may 
have to forego some of the advantages of PC board con- 
struction, but the advantages are sometimes well worth 
the effort of using point-to-point up-in-the-air wiring. See Fig- 
ure 5. 


FEEDBACK 

CAPACITOR 



SOLDER CONNECTION 

TL/H/1 1423-10 

(Input pins are lifted out of PC board and soldered directly to components. 
All other pins connected to PC board). 

FIGURE 5. Air Wiring 
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Latchup 

CMOS devices tend to be susceptible to latchup due to their 
internal parasitic SCR effects. The (I/O) input and output 
pins look similar to the gate of the SCR. There is a minimum 
current required to trigger the SCR gate lead. The LMC6061 
and LMC6081 are designed to withstand 100 mA surge cur- 
rent on the I/O pins. Some resistive method should be used 
to isolate any capacitance from supplying excess current to 
the I/O pins. In addition, like an SCR, there is a minimum 
holding current for any latchup mode. Limiting current to the 
supply pins will also inhibit latchup susceptibility. 


Typical Single-Supply 
Applications 

(V+ = 5.0 V DC ) 

The extremely high input impedance, and low power con- 
sumption, of the LMC6081 make it ideal for applications that 
require battery-powered instrumentation amplifiers. Exam- 
ples of these types of applications are hand-held pH probes, 
analytic medical instruments, magnetic field detectors, gas 
detectors, and silicon based pressure transducers. 

Figure 6 shows an instrumentation amplifier that features 
high differential and common mode input resistance 
(>10 14 n), 0.01% gain accuracy at Ay = 1000, excellent 
CMRR with 1 ka imbalance in bridge source resistance. 
Input current is less than 100 fA and offset drift is less than 
2.5 jaV/°C. R 2 provides a simple means of adjusting gain 
over a wide range without degrading CMRR. R 7 is an initial 
trim used to maximize CMRR without using super precision 
matched resistors. For good CMRR over temperature, low 
drift resistors should be used. 



TL/H/ 11423-11 

If R-| = R5, R3 = R6, and R4 = R7; then 

Vqut = ^2 + 2Ri x R 4 
V| N R2 R3 

.‘.Ay ~ 100 for circuit shown (R2 = 9 . 822 k). 

FIGURE 6. Instrumentation Amplifier 



1-811 


LMC6O81 



LMC6081 



1-812 




National Semiconductor 


LMC6082 Precision CMOS Dual Operational Amplifier 


General Description 

The LMC6082 is a precision dual low offset voltage opera- 
tional amplifier, capable of single supply operation. Perform- 
ance characteristics include ultra low input bias current, high 
voltage gain, rail-to-rail output swing, and an input common 
mode voltage range that includes ground. These features, 
plus its low offset voltage, make the LMC6082 ideally suited 
for precision circuit applications. 

Other applications using the LMC6082 include precision full- 
wave rectifiers, integrators, references, and sample-and- 
hold circuits. 

This device is built with National’s advanced Double-Poly 
Silicon-Gate CMOS process. 

For designs with more critical power demands, see the 
LMC6062 precision dual micropower operational amplifier. 

PATENT PENDING 


Features (Typical unless otherwise stated) 

■ Low offset voltage 1 50 ju,V 

■ Operates from 4.5V to 15V single supply 

■ Ultra low input bias current 10 fA 

■ Output swing to within 20 mV of supply rail, 100k load 

■ Input common-mode range includes V~ 

■ High voltage gain 130 dB 

■ Improved latchup immunity 

Applications 

■ Instrumentation amplifier 

■ Photodiode and infrared detector preamplifier 

■ Transducer amplifiers 

■ Medical instrumentation 

■ D/A converter 

■ Charge amplifier for piezoelectric transducers 


Connection Diagram 


8-Pin DIP/SO 



v + 

OUTPUT B 

INVERTING INPUT B 

NONINVERTING 
INPUT B 


TL/H/1 1297-1 


Ordering Information 


Package 

Temperature Range 

NSC 

Drawing 

Transport 

Media 

Military 

— 55°C to + 125°C 

Industrial 

— 40°C to + 85°C 

8-Pin 

Molded DIP 

LMC6082AMN 

LMC6082AIN 

LMC6082IN 

N08E 

Rail 

8-Pin 

Small Outline 


LMC6082AIM 

LMC6082IM 

M08A 

Rail 

Tape and Reel 


For MIL-STD-883C qualified products, please contact your local National 
Semiconductor Sales Office or Distributor for availability and specification 
information. 
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Absolute Maximum Ratings (Note i> 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Differential Input Voltage ± Supply Voltage 

Voltage at Input/Output Pin (V + ) . + 0.3V, 

(V-) -0.3V 

Supply Voltage (V + — V “ ) 16V 

Output Short Circuit to V + (Note 1 1 ) 

Output Short Circuit to V - (Note 2) 

Lead T emperature (Soldering, 1 0 Sec.) 260°C 

Storage T emp. Range - 65°C to + 1 50°C 

Junction Temperature 1 50°C 

ESD T olerance (Note 4) 2 kV 


Current at Input Pin 
Current at Output Pin 
Current at Power Supply Pin 
Power Dissipation 


±10 mA 
±30 mA 
40 mA 
(Note 3) 


Operating Ratings (Note i) 

Temperature Range 

LMC6082AM -55°C <; Tj ^ + 125°C 

LMC6082AI, LMC6082I -40°C ^ T j ^ +85°C 

Supply Voltage 4.5V ^ V+ £ 15.5V 

Thermal Resistance (0ja) (Note 12) 

8-Pin Molded DIP 115°C/W 

8-Pin SO 1 93°C/W 

Power Dissipation (Note 1 0) 


DC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C. Boldface limits apply at the temperature 
V~ = 0V, Vqm = 1.5V, Vo = 2.5V and Rl > 1M unless otherwise specified. 


Typ 

(Note 5) 


LMC6082AM LMC6082AI 


Limit 
(Note 6) 

350 

lOOO 


Limit 
(Note 6) 

350 

800 


extremes. V+ 

LMC6082I 
Limit 
(Note 6) 

800 

1300 
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DC Electrical Characteristics (Continued) 

Unless otherwise specified, all limits guaranteed for Tj = 25°C. Boldface limits apply at the temperature extremes. V+ = 5V, 
V- = OV, Vcm — 1.5V, Vq = 2.5V and R|_ > 1M unless otherwise specified. 





Typ 

(Note 5) 

LMC6082AM 

LMC6082AI 

LMC6082I 


Symbol 

Parameter 

Conditions 

Limit 

Limit 

Limit 

Units 




(Note 6) 

(Note 6) 

(Note 6) 


Vo 

Output Swing 

V+ = 5V 

4.87 

4.80 

4.80 

4.75 

V 



R l = 2 kft to 2.5V 

4.70 

4.73 

4.67 

Min 




0.10 

0.13 

0.13 

0.20 

V 




0.19 

0.17 

0.24 

Max 



V+ = 5V 

4.61 

4.50 

4.50 

4.40 

V 



R l = 60012 to 2.5V 

4.24 

4.31 

4.21 

Min 




0.30 

0.40 

0.40 

0.50 

V 




0.63 

0.50 

0.63 

Max 



V+ = 15V 

14.63 

14.50 

14.50 

14.37 

V 



R l = 2 kf2 to 7.5V 

14.30 

14.34 

14.25 

Min 




0.26 

0.35 

0.35 

0.44 

V 




0.48 

0.45 

0.56 

Max 



V+ = 15V 

13.90 

13.35 

13.35 

12.92 

V 



R l = 6000 to 7.5V 

12.80 

12.86 

12.44 

Min 




0.79 

1.16 

1.16 

1.33 

V 




1.42 

1.32 

1.58 

Max 

•o 

Output Current 

Sourcing, Vq = OV 

22 

16 

16 

13 

mA 


V+ = 5V 


8 

10 

8 

Min 



Sinking, Vq = 5V 

21 

16 

16 

13 

mA 




11 

13 

io 

Min 

•o 

Output Current 

Sourcing, Vq = OV 

30 

28 

28 

23 

mA 


V+ = 15V 


18 

22 

18 

Min 



Sinking, Vq = 13V 


28 

28 

23 

mA 



(Note 11) 

34 

19 

22 

18 

Min 

•s 

Supply Current 

Both Amplifiers 

0.9 

1.5 

1.5 

1.5 

mA 



V + = + 5V, V Q = 1.5V 

1.8 

1.8 

1.8 

Max 



Both Amplifiers 

1.1 

1.7 

1.7 

1.7 

mA 



V+ = + 15V, V 0 = 7.5V 

2 

2 

2 

Max 
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AC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C, Boldface limits apply at the temperature extremes. V+ = 5V, 
V- = OV, Vqm - 1.5V, Vq = 2.5V and Rl > 1M unless otherwise specified. 





Typ 

(Note 5) 

LMC6082AM 

LMC6082AI 




Parameter 

Conditions 

Limit 

Limit 

Limit 





(Note 6) 

(Note 6) 

(Note 6) 



Slew Rate 

(Note 8) 

■ 

0.8 

0.8 

0.8 

y/tis 




I l 

0.5 

0.6 

0.6 

Min 


Gain-Bandwidth Product 


mi 




MHz 

1 

Phase Margin 


50 




Deg 


Amp-to-Amp Isolation 

(Note 9) 

140 




B| 

e n 

Input-Referred Voltage Noise 

F = 1 kHz 

22 





•n 

Input-Referred Current Noise 

F = 1 kHz 

0.0002 




pA/t/Hz 

T.H.D. 

Total Harmonic Distortion 

F = 10 kHz, A v = -10 
R l = 2 kO, V 0 = 8 V PP 
±5V Supply 

0.01 






Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 

Note 2: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. Output currents in excess of ±30 mA over long term may adversely affect reliability. 

Note 3: The maximum power dissipation is a function of Tj(^ax)> 0 ja. and Ta- The maximum allowable power dissipation at any ambient temperature is 
Pd = (Tj(Max) - Ta) /0ja- 

Note 4: Human body model, 1.5 kft in series with 100 pF. 

Note 5: Typical values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: V+ = 15V, Vqm = 7.5V and Rl connected to 7.5V. For Sourcing tests, 7.5V ^ Vo ^ 1 1.5V. For Sinking tests, 2.5V < Vo <■ 7.5V. 

Note 8: V+ = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 

Note 9: Input referred V+ = 15V and Rl = 100 k(l connected to 7.5V. Each amp excited in turm with 1 kHz to produce Vo = 12 Vpp. 

Note 10: For operating at elevated temperatures the device must be derated based on the thermal resistance 0ja with Pq = (Tj - Ta)/0ja- All numbers apply for 
packages soldered directly into a PC board. 

Note 11: Do not connect output to V+, when V+ is greater than 13V or reliability will be adversely affected. 

Note 12: All numbers apply for packages soldered directly into a PC board. 
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OUTPUT VOLTAGE REFERENCED TO V+ (V) CMRR (dB) 


Typical Performance Characteristics Vs = ±7.5V, T a = 25°C, Unless otherwise specified 


Distribution of LMC6082 
input Offset Voltage 
(T A = + 25°C) 

360 Amplifiers from 3 Wafer Lots 
- V+ = 5V m 

T a » +25°C 
' N Package 


Distribution of LMC6082 
Input Offset Voltage 
(T A = — 55°C) 

360 Amplifiers from 3 Wafer Lott 
■ V+ a 5V 

T* = -55°C ■ 


Distribution of LMC6082 
Input Offset Voltage 
(T A = + 125°C) 

20 

360 Amplifiers from 3 Wafer Lots 

18 V+ = 5V ■ 

^ T a ■ +125°C ■ 

«, 16 N Package ■ 

H 14 - 


M CO ^ O ^ » N 

cm cs h 

odd odd 

i l i 

OFFSET VOLTAGE (mV) 


OFFSET VOLTAGE (mV) 


0 O O O o o 

1 I I 

OFFSET VOLTAGE (mV) 


Input Bias Current 
vs Temperature 


lOOpA 






2 

lOpA 




y 

z 


1 pA 









z 












lOOaA 








25 50 75 100 125 150 

TEMPERATURE (°C) 


Supply Current 
vs Supply Voltage 



2 4 6 8 10 12 14 

TOTAL SUPPLY VOLTAGE (V QC ) 


Input Voltage 
vs Output Voltage 



-10 -8-6-4-20 2 4 6 
OUTPUT VOLTAGE (V) 


Common Mode 
Rejection Ratio 
vs Frequency 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Power Supply Rejection 
Ratio vs Frequency 

nrmTTTTT^i 


1 10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Input Voltage Noise 
vs Frequency 



m 


Output Characteristics 
Sourcing Current 



0.001 I ‘ 1 1 1 1 

0.001 0.01 0.1 1 10 100 


OUTPUT SOURCE CURRENT (mA) 


Output Characteristics 
Sinking Current 



0.001 I 1 L_ 

0.001 0.01 0.1 


0.01 0.1 1 10 100 
OUTPUT SINK CURRENT (mA) 


Gain and Phase Response 
vs Temperature 
(— 55°C to + 125°C) 



Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 
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Typical Performance Characteristics Vs = ±7.5 V,Ta = 25°C, Unless otherwise specified 


Gain and Phase 
Response vs Capacitive Load 
with R|_ = 600ft 


i kpoM 90 40 

'V=100pF 1 

vH IIIIII 45 * 1 20 


Gain and Phase 
Response vs Capacitive Load 
with Rl = 500 kft 

□wia 


Open Loop 
Frequency Response 


H 45 !> < 80 


10k 100k 1M 10M 


10k 100k 1M 10M 


-45 o 0 



0.010.1 1 10 100 Ik 10k 100k 1M 10M 


Inverting Small Signal 
Pulse Response 



Inverting Large Signal 
Pulse Response 



Non-Inverting Small 
Signal Pulse Response 



TIME(1 /ts/Div) 


TIME(1 /ts/Div) 


Non-Inverting Large 
Signal Pulse Response 



Crosstalk Rejection 
vs Frequency 



10 100 Ik 10k 100k 


Stability vs Capacitive 
Load, Rl = 600ft 



-5-4-3-2-1 0 1 2 3 4 5 6 
OUTPUT VOLTAGE (V) 


Stability vs Capacitive 
Load Rl = 1 Mft 

[£ %ES BB5BT 


-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 
OUTPUT VOLTAGE (V) 
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Applications Hints 

AMPLIFIER TOPOLOGY 

The LMC6082 incorporates a novel op-amp design topology 
that enables it to maintain rail to rail output swing even when 
driving a large load. Instead of relying on a push-pull unity 
gain output buffer stage, the output stage is taken directly 
from the internal integrator, which provides both low output 
impedance and large gain. Special feed-forward compensa- 
tion design techniques are incorporated to maintain stability 
over a wider range of operating conditions than traditional 
micropower op-amps. These features make the LMC6082 
both easier to design with, and provide higher speed than 
products typically found in this ultra-low power class. 

COMPENSATING FOR INPUT CAPACITANCE 

It is quite common to use large values of feedback resist- 
ance for amplifiers with ultra-low input current, like the 
LMC6082. 

Although the LMC6082 is highly stable over a wide range of 
operating conditions, certain precautions must be met to 
achieve the desired pulse response when a large feedback 
resistor is used. Large feedback resistors and even small 
values of input capacitance, due to transducers, photodi- 
odes, and circuit board parasitics, reduce phase margins. 
When high input impedances are demanded, guarding of 
the LMC6082 is suggested. Guarding input lines will not only 
reduce leakage, but lowers stray input capacitance as well. 
(See Printed-Circuit-Board Layout for High Impedance 
Work). 

The effect of input capacitance can be compensated for by 
adding a capacitor, Cf, around the feedback resistors (as in 
Figure 1 ) such that: 

1 1 
2irR-|C|(sj 27rR2Cf 

or 

Rl C|n ^ R2 Cf 

Since it is often difficult to know the exact value of Cin, Cf 
can be experimentally adjusted so that the desired pulse 
response is achieved. Refer to the LMC660 and LMC662 for 
a more detailed discussion on compensating for input ca- 
pacitance. 



FIGURE 1. Cancelling the Effect of Input Capacitance 

CAPACITIVE LOAD TOLERANCE 

All rail-to-rail output swing operational amplifiers have volt- 
age gain in the output stage. A compensation capacitor is 
normally included in this integrator stage. The frequency lo- 
cation of the dominant pole is affected by the resistive load 
on the amplifier. Capacitive load driving capability can be 
optimized by using an appropriate resistive load in parallel 
with the capacitive load (see typical curves). 


Direct capacitive loading will reduce the phase margin of 
many op-amps. A pole in the feedback loop is created by 
the combination of the op-amp’s output impedance and the 
capacitive load. This pole induces phase lag at the unity- 
gain crossover frequency of the amplifier resulting in either 
an oscillatory or underdamped pulse response. With a few 
external components, op amps can easily indirectly drive 
capacitive loads, as shown in Figure 2a. 



TL/H/1 1297-5 

FIGURE 2a. LMC6082 Noninverting Gain of 10 Amplifier, 
Compensated to Handle Capacitive Loads 

In the circuit of Figure 2a , Rl and Cl serve to counteract 
the loss of phase margin by feeding the high frequency 
component of the output signal back to the amplifier’s in- 
verting input, thereby preserving phase margin in the overall 
feedback loop. 

Capacitive load driving capability is enhanced by using a 
pull up resistor to V+ (Figure 2b). Typically a pull up resistor 
conducting 500 \ifk or more will significantly improve capaci- 
tive load responses. The value of the pull up resistor must 
be determined based on the current sinking capability of the 
amplifier with respect to the desired output swing. Open 
loop gain of the amplifier can also be affected by the pull up 
resistor (see Electrical Characteristics). 

v+ 



TL/H/1 1297-14 

FIGURE 2b. Compensating for Large Capacitive Loads 
with a Pull Up Resistor 

PRINTED-CIRCUIT-BOARD LAYOUT 
FOR HIGH-IMPEDANCE WORK 

It is generally recognized that any circuit which must oper- 
ate with less than 1 000 pA of leakage current requires spe- 
cial layout of the PC board. When one wishes to take advan- 
tage of the ultra-low bias current of the LMC6082, typically 
less than 1 0 fA, it is essential to have an excellent layout. 
Fortunately, the techniques of obtaining low leakages are 
quite simple. First, the user must not ignore the surface 
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Applications Hints 

leakage of the PC board, even though it may sometimes 
appear acceptably low, because under conditions of high 
humidity or dust or contamination, the surface leakage will 
be appreciable. 

To minimize the effect of any surface leakage, lay out a ring 
of foil completely surrounding the LMC6082’s inputs and the 
terminals of capacitors, diodes, conductors, resistors, relay 
terminals, etc. connected to the op-amp’s inputs, as in Fig- 
ure 3. To have a significant effect, guard rings should be 
placed on both the top and bottom of the PC board. This PC 
foil must then be connected to a voltage which is at the 
same voltage as the amplifier inputs, since no leakage cur- 
rent can flow between two points at the same potential. For 
example, a PC board trace-to-pad resistance of 10 12 n, 
which is normally considered a very large resistance, could 
leak 5 pA if the trace were a 5V bus adjacent to the pad of 
the input. This would cause a 100 times degradation from 
the LMC6082’s actual performance. However, if a guard 
ring is held within 5 mV of the inputs, then even a resistance 
of lOUfl would cause only 0.05 pA of leakage current. See 
Figures 4a, 4b, 4c for typical connections of guard rings for 
standard op-amp configurations. 




TL/H/1 1297-6 

FIGURE 3. Example of Guard Ring in P.C. Board Layout 


ci 



(a) Inverting Amplifier 



TL/H/1 1297-8 

(b) Non-Inverting Amplifier 



TL/H/1 1297-9 

(c) Follower 

FIGURE 4. Typical Connections of Guard Rings 

The designer should be aware that when it is inappropriate 
to lay out a PC board for the sake of just a few circuits, there 
is another technique which is even better than a guard ring 
on a PC board: Don’t insert the amplifier’s input pin into the 
board at all, but bend it up in the air and use only air as an 
insulator. Air is an excellent insulator. In this case you may 
have to forego some of the advantages of PC board con- 
struction, but the advantages are sometimes well worth 
the effort of using point-to-point up-in-the-air wiring. See Fig- 
ure 5. 
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Latchup 

CMOS devices tend to be susceptible to latchup due to their 
internal parasitic SCR effects. The (I/O) input and output 
pins look similar to the gate of the SCR. There is a minimum 
current required to trigger the SCR gate lead. The LMC6062 
and LMC6082 are designed to withstand 1 00 mA surge cur- 
rent on the I/O pins. Some resistive method should be used 
to isolate any capacitance from supplying excess current to 
the I/O pins. In addition, like an SCR, there is a minimum 
holding current for any latchup mode. Limiting current to the 
supply pins will also inhibit latchup susceptibility. 


FEEDBACK 

CAPACITOR 



(Input pins are lifted out of PC board and soldered directly to components. 
All other pins connected to PC board). 

FIGURE 5. Air Wiring 


Typical Single-Supply 
Applications 

(V+ = 5.0 V DC ) 

The extremely high input impedance, and low power con- 
sumption, of the LMC6082 make it ideal for applications that 
require battery-powered instrumentation amplifiers. Exam- 
ples of these types of applications are hand-held pH probes, 
analytic medical instruments, magnetic field detectors, gas 
detectors, and silicon based pressure transducers. 

Figure 6 shows an instrumentation amplifier that features 
high differential and common mode input resistance 
(>10 14 n), 0.01% gain accuracy at Ay = 1000, excellent 
CMRR with 1 kfl imbalance in bridge source resistance. 
Input current is less than 100 fA and offset drift is less than 
2.5 jaV/°C. R 2 provides a simple means of adjusting gain 
over a wide range without degrading CMRR. R 7 is an initial 
trim used to maximize CMRR without using super precision 
matched resistors. For good CMRR over temperature, low 
drift resistors should be used. 



If Ri = F? 5 , R 3 = R©, and R 4 = R 7 ; then 


TL/H/1 1297-11 


VpUT = R 2 + 2 Ri x R 4 
V|N R 2 R 3 

.‘.Ay ~ 100 for circuit shown (R 2 = 9.822k). 

FIGURE 6. Instrumentation Amplifier 


L 

j 


i 


! 
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Typical Single-Supply Applications <v *■ = 5.0 v DC > 



TL/H/ 11297-12 

FIGURE 7. Low-Leakage Sample and Hold 


R 4 



TL/H/ 11297-13 

FIGURE 8. 1 Hz Square Wave Oscillator 
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National Semiconductor 


LMC6084 

Precision CMOS Quad Operational Amplifier 


General Description 

The LMC6084 is a precision quad low offset voltage opera- 
tional amplifier, capable of single supply operation. Perform- 
ance characteristics include ultra low input bias current, high 
voltage gain, rail-to-rail output swing, and an input common 
mode voltage range that includes ground. These features, 
plus its low offset voltage, make the LMC6084 ideally suited 
for precision circuit applications. 

Other applications using the LMC6084 include precision full- 
wave rectifiers, integrators, references, and sample-and- 
hold circuits. 

This device is built with National’s advanced Double-Poly 
Silicon-Gate CMOS process. 

For designs with more critical power demands, see the 
LMC6064 precision quad micropower operational amplifier. 
For a single or dual operational amplifier with similar fea- 
tures, see the LMC6081 or LMC6082 respectively. 

PATENT PENDING 


150 jmV 


Features (Typical unless otherwise stated) 

■ Low offset voltage 

■ Operates from 4.5V to 1 5V single supply 

■ Ultra low input bias current 10 fA 

■ Output swing to within 20 mV of supply rail, 100k load 

■ Input common-mode range includes V~ 

■ High voltage gain 130 dB 

■ Improved latchup immunity 

Applications 

■ Instrumentation amplifier 

■ Photodiode and infrared detector preamplifier 

■ Transducer amplifiers 

■ Medical instrumentation 

■ D/A converter 

■ Charge amplifier for piezoelectric transducers 


Connection Diagram 


14-Pin DIP/SO 



■ OUTPUT 4 

■ INVERTING INPUT 4 

: NON-INVERTING INPUT 4 

! 

■ V- 

■ NON-INVERTING INPUT 3 
> 

■ INVERTING INPUT 3 

■ OUTPUT 3 


TL/H/1 1467-1 


Ordering Information 


Package 

Temperature Range 

NSC 

Drawing 

Transport 

Media 

Military 

— 55°C to +125°C 

Industrial 
— 40°C to +85°C 

14-Pin 

Molded DIP 

LMC6084AMN 

LMC6084AIN 

LMC6084IN 

N14A 

Rail 

14-Pin 

Small Outline 


LMC6084AIM 

LMC6084IM 

M14A 

Rail 

Tape and Reel 


For MIL-STD-883C qualified products, please contact your local National 
Semiconductor Sales Office or Distributor for availability and specification 
information. 
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Absolute Maximum Ratings (Note n 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Differential Input Voltage ± Supply Voltage 

Voltage at Input/Output Pin (V + ) + 0.3V, 

(Y~) -0.3V 

Supply Voltage (V+ - V~) 16V 

Output Short Circuit to V + (Note 1 1 ) 

Output Short Circuit to V _ (Note 2) 

Lead T emperature (Soldering, 10 Sec.) 260°C 

Storage T emp. Range - 65°C to + 1 50°C 

Junction T emperature 1 50°C 

ESD Tolerance (Note 4) 2 kV 


Current at Input Pin 
Current at Output Pin 
Current at Power Supply Pin 
Power Dissipation 


±10 mA 
±30 mA 
40 mA 
(Note 3) 


Operating Ratings (Note d 

Temperature Range 

LMC6084AM -55°C ^ T j £ + 125°C 

LMC6084AI, LMC6084I -40°C ^ T j <: +85°C 

Supply Voltage 4.5V ^ V+ <£ 1 5.5V 

Thermal Resistance (0j/\) (Note 12) 

14-Pin Molded DIP 81°C/W 

14-Pin SO 126°C/W 

Power Dissipation (Note 1 0) 


DC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C. Boldface limits apply at the temperature 
V~ = 0V, Vcm - 1.5V, Vq — 2.5V and Rl > 1M unless otherwise specified. 


Symbol 



Input Offset Voltage 


Input Offset Voltage 
Average Drift 


Input Bias Current 


Input Offset Current 


Conditions 


Typ 

(Note 5) 


LMC6084AM 
Limit 
(Note 6) 

350 

lOOO 


LMC6084AI 
Limit 
(Note 6) 

350 

800 


extremes. V+ 

LMC6084I 
Limit 
(Note 6) 

800 

1300 



Input Resistance 

Common Mode 
Rejection Ratio 

Positive Power Supply 
Rejection Ratio 

Negative Power Supply 
Rejection Ratio 

Input Common-Mode 
Voltage Range 


Large Signal 
Voltage Gain 


ov ^ v C M ^ 12.0V 

85 

75 

75 

66 

V+ = 15V 


72 

72 

63 

5V ^ V+ <. 15V 

85 

75 

75 

66 

V 0 = 2.5V 


72 

72 

63 

OV <.V~ <. -10V 

94 

84 

84 

74 



81 

81 

71 

V+ = 5V and 15V 

-0.4 

-0.1 

-0.1 

-0.1 

for CMRR ^ 60 dB 


0 

0 

0 


V+ - 1.9 

CO 

c\i 
| 1 

+ 

> 

V+ - 2.3 

CO 

CM 

1 

+ 

> 



V+ - 2.6 

V+ - 2.5 

V+ - 2.5 

R[_ = 2 kH Sourcing 

1400 

400 

400 

300 

(Note 7) 


300 

300 

200 

Sinking 

350 

180 

180 

90 



70 

100 

60 

R|_ = 60011 Sourcing 

1200 

400 

400 

200 

(Note 7) 


150 

150 

80 

Sinking 

150 

100 

100 

70 



35 

50 

35 
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DC Electrical Characteristics (Continued) 

Unless otherwise specified, all limits guaranteed for Tj = 25°C. Boldface limits apply at the temperature extremes. V+ = 5V, 
V~ = OV, Vcm = 1.5V, Vq = 2.5V and R[_ > 1M unless otherwise specified. 





Typ 

(Note 5) 

LMC6084AM 

LMC6084AI 

LMC6084I 


Symbol 

Parameter 

Conditions 

Limit 

Limit 

Limit 

Units 




(Note 6) 

(Note 6) 

(Note 6) 


Vo 

Output Swing 

< 

+ 

ll 

cn 

< 

4.87 

4.80 

4.80 

4.75 

V 



R l = 2 kft to 2.5V 

4.70 

4.73 

4.67 

Min 




0.10 

0.13 

0.13 

0.20 

V 




0.19 

0.17 

0.24 

Max 



V + = 5V 

4.61 

4.50 

4.50 

4.40 

V 



R l = 6000 to 2.5V 

4.24 

4.31 

4.21 

Min 




0.30 

0.40 

0.40 

0.50 

V 




0.63 

0.50 

0.63 

Max 



V+ = 15V 

14.63 

14.50 

14.50 

14.37 

V 



R L = 2 k Cl to 7.5V 

14.30 

14.34 

14.25 

Min 




0.26 

0.35 

0.35 

0.44 

V 




0.48 

0.45 

0.56 

Max 



< 

+ 

II 

Ol 

< 

13.90 

13.35 

13.35 

12.92 

V 



R l = 6000 to 7.5V 

12.80 

12.86 

12.44 

Min 




0.79 

1.16 

1.16 

1.33 

V 




1.42 

1.32 

1.58 

Max 

*0 

Output Current 

Sourcing, Vq = OV 

22 

16 

16 

13 

mA 


V+ = 5V 


8 

10 

8 

Min 



Sinking, Vq = 5V 

21 

16 

16 

13 

mA 




11 

13 

10 

Min 

<0 

Output Current 

Sourcing, Vq = OV 

30 

28 

28 

23 

mA 


V+ = 15V 


18 

22 

18 

Min 



Sinking, V 0 = 13V 


28 

28 

23 

mA 



(Note 11) 

34 

19 

22 

18 

Min 

Is 

Supply Current 

All Four Amplifiers 

1.8 

3.0 

3.0 

3.0 

mA 



V+ = +5V, Vq = 1.5V 

3.6 

3.6 

3.6 

Max 



All Four Amplifiers 

2.2 

3.4 

3.4 

3.4 

mA 



V+ = +15V, V 0 = 7.5V 

4.0 

4.0 

4.0 

Max 
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LMC6084 


AC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C, Boldface limits apply at the temperature extremes. V+ = 5V, 
V~ = OV, Vqm = 1.5V, Vq = 2.5V and R|_ > 1M unless otherwise specified. 





Typ 

(Note 5) 

LMC6084AM 

LMC6084AI 

LMC6084I 


Symbol 

Parameter 

Conditions 

Limit 

Limit 

Limit 

Units 




(Note 6) 

(Note 6) 

(Note 6) 


SR 

Slew Rate 

(Note 8) 

1.5 

0.8 

0.8 

0.8 






0.5 

0.6 

0.6 



Gain-Bandwidth Product 


1.3 






Phase Margin 


50 




Deg 


Amp-to-Amp Isolation 

(Note 9) 





dB 

e n 

Input-Referred Voltage Noise 

F = 1 kHz 

22 




nV/yTlz 

■n 

Input-Referred Current Noise 

F = 1 kHz 






T.H.D. 

Total Harmonic Distortion 

F = 10 kHz, A v = -10 
R L = 2 k a, V 0 = 8 Vpp 
±5V Supply 

0.01 




% 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 

Note 2: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. Output currents in excess of ±30 mA over long term may adversely affect reliability. 

Note 3: The maximum power dissipation is a function of T J(Max ), 0 JA , and T A . The maximum allowable power dissipation at any ambient temperature is 
Pd “ Oj(Max) ~ T A ) /0j A . 

Note 4: Human body model, 1.5 kfl in series with 100 pF. 

Note 5: Typical values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: V+ = 15V, Vqm = 7.5V and R|_ connected to 7.5V. For Sourcing tests, 7.5V ^ Vo ^ 11.5V. For Sinking tests, 2.5V ^ Vo ^ 7.5V. 

Note 8: V+ = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 

Note 9: Input referred V+ = 15V and Rl = 100 kfl connected to 7.5V. Each amp excited in turm with 1 kHz to produce Vo = 12 Vpp. 

Note 10: For operating at elevated temperatures the device must be derated based on the thermal resistance 0j A with Pq = (Tj - T A )/0j A . All numbers apply for 
packages soldered directly into a PC board. 

Note 11: Do not connect output to V+, when V+ is greater than 13V or reliability will be adversely affected. 

Note 12: All numbers apply for packages soldered directly into a PC board. 
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Typical Performance Characteristics Vs = ±7.5V, Ta = 25°C, Unless otherwise specified 


Distribution of LMC6084 
Input Offset Voltage 
(T A = +25°C) 


360 Amplifiers from 3 Wafer Lots 



OFFSET VOLTAGE (mV) 


Distribution of LMC6084 



Input Bias Current 
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TEMPERATURE (°C) 
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Output Characteristics 
Sourcing Current 



OUTPUT SOURCE CURRENT (mA) 


Output Characteristics 



OUTPUT SINK CURRENT (mA) 


Distribution of LMC6084 
Input Offset Voltage 
(T A = +125°C) 


360 Amplifiars from 3 Wafer Lots 
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Input Voltage Noise 
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Gain and Phase Response 
vs Temperature 
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Typical Performance Characteristics 

Vs = ±7.5V, Ta = 25°C, Unless otherwise specified (Continued) 


Gain and Phase 
Response vs Capacitive Load 
with R|_ = 600ft 



Inverting Small Signal 
Pulse Response 
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Non-Inverting Large 
Signal Pulse Response 



TIME(1 ^s/Div) 


Gain and Phase 
Response vs Capacitive Load 
with R l = 500 kft 
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Applications Hints 

AMPLIFIER TOPOLOGY 

The LMC6084 incorporates a novel op-amp design topology 
that enables it to maintain rail-to-rail output swing even 
when driving a large load. Instead of relying on a push-pull 
unity gain output buffer stage, the output stage is taken di- 
rectly from the internal integrator, which provides both low 
output impedance and large gain. Special feed-forward 
compensation design techniques are incorporated to main- 
tain stability over a wider range of operating conditions than 
traditional micropower op-amps. These features make the 
LMC6084 both easier to design with, and provide higher 
speed than products typically found in this ultra-low power 
class. 

COMPENSATING FOR INPUT CAPACITANCE 

It is quite common to use large values of feedback resist- 
ance for amplifiers with ultra-low input current, like the 
LMC6084. 

Although the LMC6084 is highly stable over a wide range of 
operating conditions, certain precautions must be met to 
achieve the desired pulse response when a large feedback 
resistor is used. Large feedback resistors and even small 
values of input capacitance, due to transducers, photodi- 
odes, and circuit board parasitics, reduce phase margins. 
When high input impedances are demanded, guarding of 
the LMC6084 is suggested. Guarding input lines will not only 
reduce leakage, but lowers stray input capacitance as well. 
(See Printed-Circuit-Board Layout for High impedance 
Work). 

The effect of input capacitance can be compensated for by 
adding a capacitor, Cf, around the feedback resistors (as in 
Figure 1 ) such that: 

1 1 
27tR-|C|n 27rR2Cf 
or 

Rl Cin ^ R 2 C f 

Since it is often difficult to know the exact value of Cin, Cf 
can be experimentally adjusted so that the desired pulse 
response is achieved. Refer to the LMC660 and LMC662 for 
a more detailed discussion on compensating for input ca- 
pacitance. 


Cf 



FIGURE 1. Cancelling the Effect of Input Capacitance 


CAPACITIVE LOAD TOLERANCE 

All rail-to-rail output swing operational amplifiers have volt- 
age gain in the output stage. A compensation capacitor is 
normally included in this integrator stage. The frequency lo- 
cation of the dominant pole is affected by the resistive load 
on the amplifier. Capacitive load driving capability can be 
optimized by using an appropriate resistive load in parallel 
with the capacitive load (see typical curves). 


Direct capacitive loading will reduce the phase margin of 
many op-amps. A pole in the feedback loop is created by 
the combination of the op-amp’s output impedance and the 
capacitive load. This pole induces phase lag at the unity- 
gain crossover frequency of the amplifier resulting in either 
an oscillatory or underdamped pulse response. With a few 
external components, op amps can easily indirectly drive 
capacitive loads, as shown in Figure 2a. 

+v 



TL/H/ 11467-5 

FIGURE 2a. LMC6084 Noninverting Gain of 10 Amplifier, 
Compensated to Handle Capacitive Loads 

In the circuit of Figure 2a , Rl and Cl serve to counteract 
the loss of phase margin by feeding the high frequency 
component of the output signal back to the amplifier’s in- 
verting input, thereby preserving phase margin in the overall 
feedback loop. 

Capacitive load driving capability is enhanced by using a 
pull up resistor to V+ (Figure 2b). Typically a pull up resistor 
conducting 500 jaA or more will significantly improve capaci- 
tive load responses. The value of the pull up resistor must 
be determined based on the current sinking capability of the 
amplifier with respect to the desired output swing. Open 
loop gain of the amplifier can also be affected by the pull up 
resistor (see Electrical Characteristics). 


v+ 



"" TL/H/ 11467-6 

FIGURE 2b. Compensating for Large Capacitive Loads 
with a Pull Up Resistor 

PRINTED-CIRCUIT-BOARD LAYOUT 
FOR HIGH-IMPEDANCE WORK 

It is generally recognized that any circuit which must oper- 
ate with less than 1 000 pA of leakage current requires spe- 
cial layout of the PC board. When one wishes to take advan- 
tage of the ultra-low bias current of the LMC6084, typically 
less than 1 0 f A, it is essential to have an excellent layout. 
Fortunately, the techniques of obtaining low leakages are 
quite simple. First, the user must not ignore the surface 
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Applications Hints (Continued) 

leakage of the PC board, even though it may sometimes 
appear acceptably low, because under conditions of high 
humidity or dust or contamination, the surface leakage will 
be appreciable. 

To minimize the effect of any surface leakage, lay out a ring 
of foil completely surrounding the LMC6084’s inputs and the 
terminals of capacitors, diodes, conductors, resistors, relay 
terminals, etc. connected to the op-amp’s inputs, as in Fig- 
ure 3. To have a significant effect, guard rings should be 
placed on both the top and bottom of the PC board. This PC 
foil must then be connected to a voltage which is at the 
same voltage as the amplifier inputs, since no leakage cur- 
rent can flow between two points at the same potential. For 
example, a PC board trace-to-pad resistance of 10 12 n, 
which is normally considered a very large resistance, could 
leak 5 pA if the trace were a 5V bus adjacent to the pad of 
the input. This would cause a 100 times degradation from 
the LMC6084’s actual performance. However, if a guard 
ring is held within 5 mV of the inputs, then even a resistance 
of 10Hn would cause only 0.05 pA of leakage current. See 
Figures 4a, 4b, 4c for typical connections of guard rings for 
standard op-amp configurations. 




TL/H/1 1467-7 

FIGURE 3. Example of Guard Ring in P.C. Board Layout 


ci 



(a) Inverting Amplifier 

R2 




OUTPUT 


TL/H/1 1467-10 


FIGURE 4. Typical Connections of Guard Rings 

The designer should be aware that when it is inappropriate 
to lay out a PC board for the sake of just a few circuits, there 
is another technique which is even better than a guard ring 
on a PC board: Don’t insert the amplifier’s input pin into the 
board at all, but bend it up in the air and use only air as an 
insulator. Air is an excellent insulator. In this case you may 
have to forego some of the advantages of PC board con- 
struction, but the advantages are sometimes well worth 
the effort of using point-to-point up-in-the-air wiring. See Fig- 
ure 5. 
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Latchup 

CMOS devices tend to be susceptible to latchup due to their 
internal parasitic SCR effects. The (I/O) input and output 
pins look similar to the gate of the SCR. There is a minimum 
current required to trigger the SCR gate lead. The LMC6084 
is designed to withstand 100 mA surge current on the I/O 
pins. Some resistive method should be used to isolate any 
capacitance from supplying excess current to the I/O pins. 
In addition, like an SCR, there is a minimum holding current 
for any latchup mode. Limiting current to the supply pins will 
also inhibit latchup susceptibility. 


FEEDBACK 

CAPACITOR 



(Input pins are lifted out of PC board and soldered directly to components. 
All other pins connected to PC board). 

FIGURE 5. Air Wiring 


Typical Single-Supply 
Applications 

(V+ = 5.0 V DC ) 

The extremely high input impedance, and low power con- 
sumption, of the LMC6084 make it ideal for applications that 
require battery-powered instrumentation amplifiers. Exam- 
ples of these types of applications are hand-held pH probes, 
analytic medical instruments, magnetic field detectors, gas 
detectors, and silicon based pressure transducers. 

Figure 6 shows an instrumentation amplifier that features 
high differential and common mode input resistance 
(>10i4(i), 0.01% gain accuracy at Av = 1000, excellent 
CMRR with 1 k(l imbalance in bridge source resistance. 
Input current is less than 100 fA and offset drift is less than 
2.5 juA//°C. R2 provides a simple means of adjusting gain 
over a wide range without degrading CMRR. R7 is an initial 
trim used to maximize CMRR without using super precision 
matched resistors. For good CMRR over temperature, low 
drift resistors should be used. 



TL/H/1 1467-12 

If R-| = R 5> R 3 = R 6i and R 4 = R7; then 

Vqut _ R2 + 2 Rj x fU 
Vin R2 R3 

.'.A v ~ 100 for circuit shown (R 2 = 9.822k). 

FIGURE 6. Instrumentation Amplifier 
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Typical Single-Supply Applications <v+ = 5.0 v DC ) (continued) 


zjz 0.1 /xF POLYPROPYLENE 
| OR POLYSTYRENE 


FIGURE 7. Low-Leakage Sample and Hold 
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FIGURE 8. 1 Hz Square Wave Oscillator 
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National Semiconductor 


LMC6462 Dual/LMC6464 Quad 
Micropower, Rail-to-Rail Input 
and Output CMOS Operational Amplifier 


General Description 

The LMC6462/4 is a micropower version of the popular 
LMC6482/4, combining Rail-to-Rail Input and Output Range 
with very low power consumption. 

The LMC6462/4 provides an input common-mode voltage 
range that exceeds both rails. The rail-to-rail output swing of 
the amplifier, guaranteed for loads down to 25 kft, assures 
maximum dynamic sigal range. This rail-to-rail performance 
of the amplifier, combined with its high voltage gain makes it 
unique among rail-to-rail amplifiers. The LMC6462/4 is an 
excellent upgrade for circuits using limited common-mode 
range amplifiers. 

The LMC6462/4, with guaranteed specifications at 3V and 
5V, is especially well-suited for low voltage applications. A 
quiescent power consumption of 60 /utW per amplifier (at Vs 
= 3V) can extend the useful life of battery operated sys- 
tems. The amplifier’s 1 50 f A input current, low offset voltage 
of 0.25 mV, and 85 dB CMRR maintain accuracy in battery- 
powered systems. 


Features (Typical unless otherwise noted) 

■ Ultra Low Supply Current 20 ju, A/ Amplifier 

■ Guaranteed Characteristics at 3 V and 5 V 

■ Rail-to-Rail Input Common-Mode Voltage Range 

■ Rail-to-Rail Output Swing 

(within 10 mV of rail, Vs = 5 V and R|_ = 25 kft) 

■ Low Input Current 150 fA 

■ Low Input Offset Voltage 0.25 mV 

Applications 

■ Battery Operated Circuits 

■ Transducer Interface Circuits 

■ Portable Communication Devices 

■ Medical Applications 

■ Battery Monitoring 


Connection Diagrams 


8-Pin DIP/SO 


14-Pin DIP/SO 



Top View 


Ordering Information 



Top View 



| Temperature Range 

NSC 

T rancnnrt 

Package 

Military 

— 55°C to +125°C 

Industrial 

— 40°C to +85°C 

Drawing 

■ i cii lopui 1 

Media 

8-Pin Molded DIP 

LMC6462AMN 

LMC6462AIN, LMC6462BIN 

N08E 

Rails 

8-Pin SO-8 


LMC6462AIM, LMC6462BIM 
LMC6462AIMX, LMC6462BIMX 

M08A 

M08A 

Rails 

Tape and Reel 

14-Pin Molded DIP 

LMC6464AMN 

LMC6464AIN, LMC6464BIN 

N14A 

Rails 

14-Pin SO-14 


LMC6464AIM, LMC6464BIM 
LMC6464AIMX, LMC6464BIMX 

M14A 

M14A 

Rails 

Tape and Reel 
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LMC6462/LMC6464 


Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

ESD Tolerance (Note 2) 2.0 kV 

Differential Input Voltage ± Supply Voltage 

Voltage at Input/Output Pin (V+) + 0.3V, (V~) - 0.3V 
Supply Voltage (V+ - V - ) 16V 

Current at Input Pin (Note 12) ± 5 mA 

Current at Output Pin (Notes 3, 8) ± 30 mA 

Current at Power Supply Pin 40 mA 

Lead Temp. (Soldering, 1 0 sec.) 260°C 

Storage T emperature Range - 65°C to + 1 50°C 

Junction Temperature (Note 4) 1 50°C 


Operating Ratings (Note d 


Supply Voltage 
Junction Temperature Range 
LMC6462AM, LMC6464AM 
LMC6462AI, LMC6464AI 
LMC6462BI, LMC6464BI 


3.0V <V+ <* 15.5V 


-55°C^Tj^ + 1 25°C 
— 40°C ^ Tj ^ +85°C 
— 40°C <£ Tj <1 +85°C 

1 1 5°C/W 
1 93°C/W 
81°C/W 
1 26°C/W 


Thermal Resistance (0ja) 

N Package, 8-Pin Molded DIP 
M Package, 8-Pin Surface Mount 
N Package, 14-Pin Molded DIP 
M Package, 14-Pin Surface Mount 


5V DC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ = 5V, V~ = 0V, Vcm = Vq = V+/2 and R|_ > 1M. 
Boldface limits apply at the temperature extremes. 






LMC6462AI 

LMC6462BI 

LMC6462AM 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LMC6464AI 

Limit 

LMC6464BI 

Limit 

LMC6464AM 

Limit 

Units 





(Note 6) 

(Note 6) 

(Note 6) 


Vos 

Input Offset Voltage 

■ 

0.25 

0.5 

3.0 

0.5 

mV 




1.2 

3.7 

1.5 

max 

TCVos 

Input Offset Voltage 
Average Drift 


1.5 




JLlV/°C 

•b 

Input Current 

(Note 13) 

0.15 

10 

10 

200 

pA max 

•os 

Input Offset Current 

(Note 13) 

0.075 

5 

5 

100 

pA max 

ClN 

Common-Mode 






PF 


Input Capacitance 






Rin 

Input Resistance 


>10 




Terall 

CMRR 

Common Mode 

ov <; v C M £ is.ov, 



65 




Rejection Ratio 

V+ = 15V 


62 


dB 



ov <: v C M ^ 5.ov 


WFM 

65 

70 

min 



V+ = 5V 


62 

65 


+ PSRR 

Positive Power Supply 

5V <; V+ ^ 15V, 

85 

o 

65 

70 

dB 


Rejection Ratio 

V- = 0V, V 0 = 2.5V 



62 

65 

min 

— PSRR 

Negative Power Supply 

-5V <. -15V, 

85 


65 

70 

dB 


Rejection Ratio 

V+ = 0V, V 0 = -2.5V 



62 

65 

min 

Vcm 

Input Common-Mode 
Voltage Range 

V+ = 5V 

For CMRR > 50 dB 

-0.2 

-0.10 

0.00 

-0.10 

0.00 






5.30 

5.25 

5.25 

■ 

V 




5.00 

5.00 


min 



V+ = 15V 

-0.2 

-0.15 

-0.15 

-0.15 




For CMRR > 50 dB 

0.00 

0.00 

0.00 





15.30 

15.25 

15.25 

15.25 

V 




15.00 

15.00 

15.00 

min 
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5V DC Electrical Characteristics 






Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ = 5V, V~ = OV, Vqm = Vq = 

V+/2 and R l > 1M. 

| Boldface limits apply at the temperature extremes. (Continued) 










LMC6462AI 

LMC6462BI 

LMC6462AM 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LMC6464AI 

Limit 

LMC6464BI 

Limit 

LMC6464AM 

Limit 

Units 






(Note 6) 

(Note 6) 

(Note 6) 


A V 

Large Signal 

r l = ioo kn 

Sourcing 

3000 




V/mV 


Voltage Gain 

(Note 7) 





min 




Sinking 

400 




V/mV 

min 



R l = 25 k H 
(Note 7) 

Sourcing 

2500 




V/mV 

min 




Sinking 

200 




V/mV 

min 

Vo 

Output Swing 

> 

in 

II 

+ 

> 


4.995 

4.990 

4.950 

4.990 

V 



R l = 100kHtoV+/2 

4.980 

4.925 

4.970 

min 





0.005 

0.010 

0.050 

0.010 

V 





0.020 

0.075 

0.030 

max 



< 

+ 

II 

Ul 

< 


4.990 

4.975 

4.950 

4.975 

V 



R l = 25 kfl to V + /2 

4.965 

4.850 

4.955 

min 





0.010 

0.020 

0.050 

0.020 

V 





0.035 

0.150 

0.045 

max 



V+ = 15V 


14.990 

14.975 

14.950 

14.975 

V 



R l = 1 00 kfMo V + /2 

14.965 

14.925 

14.955 

min 





0.010 

0.025 

0.050 

0.025 

V 





0.035 

0.075 

0.050 

max 



V+ = 15V 


14.965 

14.900 

14.850 

14.900 

V 



R l = 25 katoV+/2 

14.850 

14.800 

14.800 

min 





0.025 

0.050 

0.100 

0.050 

V 





0.150 

0.200 

0.200 

max 

'sc 

Output Short Circuit 

Sourcing, Vq = 0V 


27 

19 

19 

19 

mA 


Current 



15 

15 

15 

min 


V+ = 5V 

Sinking, Vo = 5V 


27 

22 

22 

22 

mA 





17 

17 

17 

min 

'sc 

Output Short Circuit 

Sourcing, Vq = 0V 


38 

24 

24 

24 

mA 


Current 



17 

17 

17 

min 


V+ = 15V 

Sinking, Vq = 12V 


75 

55 

55 

55 

mA 



(Note 8) 


45 

45 

45 

min 

's 

Supply Current 

Dual, LMC6462 


40 

55 

55 

55 

juA 



V+ = + 5V, V 0 = 

V + /2 

70 

70 

75 

max 



Quad, LMC6464 


80 

110 

110 

110 

fxA 



V + = +5V, V 0 = 

V+/2 

140 

140 

150 

max 



Dual, LMC6462 


50 

60 

60 

60 

/jlA 



V+ = + 15V, V 0 = 

V+/2 

70 

70 

75 

max 



Quad, LMC6464 


90 

120 

120 

120 

juA 



V+ = + 1 5V, Vq = 

V+/2 

140 

140 

150 

max 
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5V AC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ = 5V, V~ = OV, Vqm = Vq = V+/2 and R|_ > 1M. 
Boldface limits apply at the temperature extremes. 


Slew Rate 





LMC6462AI 

Parameter 

Conditions 

Typ 

(Note 5) 

LMC6464AI 

Limit 



Gain-Bandwidth Product 


Phase Margin 


Amp-to-Amp Isolation (Note 1 0) 





Symbol Parameter 


Conditions 


Typ 

(Note 5) 



























































3V AC Electrical Characteristics 

Unless otherwise specified, V+ = 3V, V~ = OV, Vcm = Vq = V+/2 and R|_ > 1M. Boldface limits apply at the tempera- 
ture extremes. 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LMC6462AI 

LMC6464AI 

Limit 
(Note 6) 

LMC6462BI 

LMC6464BI 

Limit 
(Note 6) 

LMC6462AM 

LMC6464AM 

Limit 
(Note 6) 

Units 

SR 

Slew Rate 

(Note 11) 

23 




V/ms 

GBW 

Gain-Bandwidth Product 


50 




kHz 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 
Note 2: Human body model, 1.5 kft in series with 100 pF. All pins rated per method 3015.6 of MIL-STD-883. This is a class 2 device rating. 

Note 3: Applies to both single supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 1 50°C. Output currents in excess of ± 30 mA over long term may adversely affect reliability. 

Note 4: The maximum power dissipation is a function of Tj( max ), 0j A , and T A . The maximum allowable power dissipation at any ambient temperature is 
P D == (Tj(max) - T/O/0 j A . AI1 numbers apply for packages soldered directly into a PC board. 

Note 5: Typical Values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: V+ = 15V, V C m = 7.5V and R L connected to 7.5V. For Sourcing tests, 7.5V ^ V 0 £ 11.5V. For Sinking tests, 3.5V <; V 0 <; 7.5V. 

Note 8: Do not short circuit output to V+, when V+ is greater than 13V or reliability will be adversely affected. 

Note 9: V+ = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of either the positive or negative slew rates. 

Note 10: Input referred, V+ = 15V and Rl = 100 kft connected to 7.5V. Each amp excited in turn with 1 kHz to produce Vo = 12 Vpp. 

Note 11: Connected as Voltage Follower with 2V step input. Number specified is the slower of either the positive or negative slew rates. 

Note 12: Limiting input pin current is only necessary for input voltages that exceed absolute maximum input voltage ratings. 

Note 13: Guaranteed limits are dictated by tester limitations and not device performance. Actual performance is reflected in the typical value. 

Note 14: For guaranteed Military Temperature Range parameters see RETSMC6462/4X. 
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Typical Performance Characteristics 

Vs = +5V, Single Supply, Ta = 25°C unless otherwise specified 


Supply Current vs 
Supply Voltage 
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Input Voltage 
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Typical Performance Characteristics (Continued) 

Vs = +5V, Single Supply, T/\ = 25°C unless otherwise specified 


Input Voltage vs 
Output Voltage 



-3-2-10 1 2 3 

OUTPUT VOLTAGE 

Gain and Phase vs 
Capacitive Load 



Non-Inverting Large 
Signal Pulse Response 










L 


























h 


25°C 








Rl = ioo kn 





r~ 

| 



i 




bj 






Ej 






500 


50 

mv 



1 1 

5 M- 




TIME (1 15a*s/DIV) 

Non-Inverting Small 
Signal Pulse Response 





























T* 


► 25 

°C 








Rl = iookn 

















_ 


























L_ 

1 



20 


20 

m ~ 



11 

P”l 

5 M* 




TIME (1 15/as/DIV) 


Open Loop 
Frequency Response 



0.001 0.01 0.1 1 10 100 Ik 10k 100k 


Slew Rate vs 
Supply Voltage 



3 4 5 6 7 8 9 10 11 12 13 14 15 
SUPPLY VOLTAGE (V) 

Non-Inverting Large 
Signal Pulse Response 




































T. 


H 

55 

>c 








\ = iookn 









L 




1 






I 




1 


500 

im? 

50( 

m ~ 



11 

5 H 




TIME (1 15/zs/DIV) 

Non-Inverting Small 
Signal Pulse Response 



































— 










T* = -55°C 






Rl 

= iookn 

















[ 










h 











L 



20m7 

20m v 



115 a*s 


TIME (1 15ms/DIV) 


Open Loop Frequency 
Response vs Temperature 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 

Non-Inverting Large 
Signal Pulse Response 


-22.5 

67.5 
















n 




T 






b 




I 




Ta 

= +121 

5°C 







[ Rl = iookn 









□ 




1 






t 




tt 


500 

my 

50C 

)my 



11 


3 



TIME (1 1 5/zs/DIV) 

Non-Inverting Small 
Signal Pulse Response 










r 






















■ 













T a = + 1 25°C 





LJ 

Rl = lOOkfl 






. 










J 











3 

: 


20 

myj 

20 

my 


— — 

11 

5 m 





TIME (l 1 5/is/DIV) 

Inverting Large 
Signal Pulse Response 

















n 



I 







n 



I 




Ta 

= 

12 

H 

5°C 







Rj_ = 100 kfl. 









r 




1 






r 




P 


500 

imy 

50 

my 


11 

itl 

s 



TIME (l IS/zs/DIV) 


TL/H/12051-4 


1-839 


LMC6462/LMC6464 



(500 mV/DIV) 


Typical Performance Characteristics (Continued) 

Vs = + 5V, Single Supply, Ta = 25°C unless otherwise specified 


Inverting Large Signal Inverting Large Signal Inverting Small Signal 

Pulse Response Pulse Response Pulse Response 



TIME (1 15/xs/DIV) TIME (m^ts/DIV) TIME (115/xs/DIV) 


Inverting Small Signal Inverting Small Signal 

Pulse Response Pulse Response 



TIME (1 1 5>ts/DIV) TIME (1 15/is/DIV) 
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Application information 

1.0 Input Common-Mode Voltage 
Range 

The LMC6462/4 has a rail-to-rail input common-mode volt- 
age range. Figure 1 shows an input voltage exceeding both 
supplies with no resulting phase inversion on the output. 


3V 


OV 


TL/H/12051-5 

FIGURE 1. An Input Voltage Signal Exceeds 
the LMC6462/4 Power Supply Voltage 
with No Output Phase Inversion 

The absolute maximum input voltage at V+ = 3V is 300 mV 
beyond either supply rail at room temperature. Voltages 
greatly exceeding this absolute maximum rating, as in Fig- 
ure 2 , can cause excessive current to flow in or out of the 
input pins, possibly affecting reliability. The input current can 
be externally limited to ±5 mA, with an input resistor, as 
shown in Figure 3. 




TL/H/12051 -6 

FIGURE 2. A ± 7.5V Input Signal Greatly Exceeds 
the 3V Supply In Figure £ Causing 
No Phase Inversion Due to R| 



TL/H/12051 -7 

FIGURE 3. Input Current Protection for Voltages 
Exceeding the Supply Voltage 


2.0 Rail-to-Rail Output 

The approximated output resistance of the LMC6462/4 is 
180ft sourcing, and 130ft sinking at V§ = 3V, and 110ft 
sourcing and 83ft sinking at Vs = 5V. The maximum output 
swing can be estimated as a function of load using the cal- 
culated output resistance. 

3.0 Capacitive Load Tolerance 

The LMC6462/4 can typically drive a 200 pF load with Vs = 
5V at unity gain without oscillating. The unity gain follower is 
the most sensitive configuration to capacitive load. Direct 
capacitive loading reduces the phase margin of op-amps. 
The combination of the op-amp’s output impedance and the 
capacitive load induces phase lag. This results in either an 
underdamped pulse response or oscillation. 

Capacitive load compensation can be accomplished using 
resistive isolation as shown in Figure 4. If there is a resistive 
component of the load in parallel to the capacitive compo- 
nent, the isolation resistor and the resistive load create a 
voltage divider at the output. This introduces a DC error at 
the output. 



TL/H/12051 -8 

FIGURE 4. Resistive Isolation of 
a 300 pF Capacitive Load 



TL/H/12051 -9 

FIGURE 5. Pulse Response of the LMC6462 
Circuit Shown in Figure 4 

Figure 5 displays the pulse response of the LMC6462/4 
circuit in Figure 4. 

Another circuit, shown in Figure 6, is also used to indirectly 
drive capacitive loads. This circuit is an improvement to the 
circuit shown in Figure 4 because it provides DC accuracy 
as well as AC stability. R1 and Cl serve to counteract the 
loss of phase margin by feeding the high frequency compo- 
nent of the output signal back to the amplifiers inverting 
input, thereby preserving phase margin in the overall feed- 
back loop. The values of R1 and Cl should be experimen- 
tally determined by the system designer for the desired 
pulse response. Increased capacitive drive is possible by 
increasing the value of the capacitor in the feedback loop. 



» 
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Application Information (Continued) 


q = lOOpF 


c L = 330 pF : 


Rl = iookn 


FIGURE 6. LMC6462 Non-Inverting Amplifier, 
Compensated to Handle a 300 pF Capacitive 
and 100 kO Resistive Load 


Rl C|N ^ R2 Cf 

which typically provides significant overcompensation. 
Printed circuit board stray capacitance may be larger or 
smaller than that of a breadboard, so the actual optimum 
value for Cp may be different. The values of Cp should be 
checked on the actual circuit. (Refer to the LMC660 quad 
CMOS amplifier data sheet for a more detailed discussion.) 

5.0 Offset Voltage Adjustment 

Offset voltage adjustment circuits are illustrated in Figures 9 
and 10. Large value resistances and potentiometers are 
used to reduce power consumption while providing typically 
± 2.5 mV of adjustment range, referred to the input, for both 
configurations with Vs = ±5V. 



V 0UT R4 


FIGURE 7. Pulse Response of 
LMC6462 Circuit In Figure 6 

The pulse response of the circuit shown in Figure 6 is 
shown in Figure 7. 

4.0 Compensating for Input 
Capacitance 

It is quite common to use large values of feedback resist- 
ance with amplifiers that have ultra-low input current, like 
the LMC6462/4. Large feedback resistors can react with 
small values of input capacitance due to transducers, pho- 
todiodes, and circuits board parasitics to reduce phase mar- 
gins. 



FIGURE 8. Canceling the Effect of Input Capacitance 

The effect of input capacitance can be compensated for by 
adding a feedback capacitor. The feedback capacitor (as in 
Figure 8 ), Cp, is first estimated by: 


FIGURE 9. Inverting Configuration 
Offset Voltage Adjustment 


200 kn > R2 


FIGURE 10. Non-Inverting Configuration 
Offset Voltage Adjustment 

6.0 Spice Macromodel 

A Spice macromodel is available for the LMC6462/4. This 
model includes a simulation of: 

• Input common-mode voltage range 

• Frequency and transient response 

• GBW dependence on loading conditions 

• Quiescent and dynamic supply current 

• Output swing dependence on loading conditions 

and many more characteristics as listed on the macromodel 
disk. 

Contact the National Semiconductor Customer Response 
Center to obtain an operational amplifier Spice model library 
disk. 


27tRi C|n 2ttR 2 Cp 
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Application Information (Continued) 

7.0 Printed-Circuit-Board Layout 
for High-Impedance Work 

It is generally recognized that any circuit which must oper- 
ate with less than 1 000 pA of leakage current requires spe- 
cial layout of the PC board. When one wishes to take advan- 
tage of the ultra-low input current of the LMC6462/4, typi- 
cally 1 50 fA, it is essential to have an excellent layout. For- 
tunately, the techniques of obtaining low leakages are quite 
simple. First, the user must not ignore the surface leakage 
of the PC board, even though it may sometimes appear ac- 
ceptably low, because under conditions of high humidity or 
dust or contamination, the surface leakage will be apprecia- 
ble. 

To minimize the effect of any surface leakage, lay out a ring 
of foil completely surrounding the LMC6462’s inputs and the 
terminals of capacitors, diodes, conductors, resistors, relay 
terminals, etc. connected to the op-amp’s inputs, as in Fig- 
ure //.To have a significant effect, guard rings should be 
placed in both the top and bottom of the PC board. This PC 
foil must then be connected to a voltage which is at the 
same voltage as the amplifier inputs, since no leakage cur- 
rent can flow between two points at the same potential. For 
example, a PC board trace-to-pad resistance of 10 12ft, 
which is normally considered a very large resistance, could 
leak 5 pA if the trace were a 5V bus adjacent to the pad of 
the input. This would cause a 30 times degradation from the 
LMC6462/4’s actual performance. However, if a guard ring 
is held within 5 mV of the inputs, then even a resistance of 
ion ft would cause only 0.05 pA of leakage current. See 
Figures 12a, 12b and 12c for typical connections of guard 
rings for standard op-amp configurations. 



LMC6462 OUTPUT 


(a) Inverting Amplifier 


— Guard Ring j I i LMC 6462'^>—i— OUTPUT 


(b) Non-Inverting Amplifier 
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Guard Ring 

TL/H/12051-15 

FIGURE 1 1. Example of Guard Ring in P.C. Board Layout 


(c) Follower 

FIGURE 12. Typical Connections of Guard Rings 

The designer should be aware that when it is inappropriate 
to lay out a PC board for the sake of just a few circuits, there 
is another technique which is even better than a guard ring 
on a PC board: Don’t insert the amplifier’s input pin into the 
board at all, but bend it up in the air and use only air as an 
insulator. Air is an excellent insulator. In this case you may 
have to forego some of the advantages of PC board con- 
struction, but the advantages are sometimes well worth the 
effort of using point-to-point up-in-the-air wiring. See 
Figure 13. 

FEEDBACK 

CAPACITOR 





•—SOLDER CONNECTION 

TL/H/12051-19 

(Input pins are lifted out of PC board and soldered directly to components. 
All other pins connected to PC board.) 


FIGURE 13. Air Wiring 
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Application Information (Continued) 

8.0 Instrumentation Circuits 

The LMC6464 has the high input impedance, large com- 
mon-mode range and high CMRR needed for designing in- 
strumentation circuits. Instrumentation circuits designed 
with the LMC6464 can reject a larger range of common- 
mode signals than most in-amps. This makes instrumenta- 
tion circuits designed with the LMC6464 an excellent choice 
for noisy or industrial environments. Other applications that 


benefit from these features include analytic medical instru- 
ments, magnetic field detectors, gas detectors, and silicon- 
based transducers. 

A small valued potentiometer is used in series with Rg to set 
the differential gain of the three op-amp instrumentation cir- 
cuit in Figure 14. This combination is used instead of one 
large valued potentiometer to increase gain trim accuracy 
and reduce error due to vibration. 



FIGURE 14. Low Power Three Op-Amp Instrumentation Amplifier 


A two op-amp instrumentation amplifier designed for a gain 
of 100 is shown in Figure 15. Low sensitivity trimming is 
made for offset voltage, CMRR and gain. Low cost and low 
power consumption are the main advantages of this two op- 
amp circuit. 


Higher frequency and larger common-mode range applica- 
tions are best facilitated by a three op-amp instrumentation 
amplifier. 


9.95k 10k, 0.195 


V CM “ 1/2V D 0-H + 


FIGURE 15. Low-Power Two-Op-Amp Instrumentation Amplifier 
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Application Information (Continued) 
Typical Single-Supply Applications 

TRANSDUCER INTERFACE CIRCUITS 



FIGURE 16. Photo Detector Circuit 

Photocells can be used in portable light measuring instru- 
ments. The LMC6462, which can be operated off a battery, 
is an excellent choice for this circuit because of its very low 
input current and offset voltage. 

LMC6462 AS A COMPARATOR 



TL/H/12051-23 

FIGURE 17. Comparator with Hysteresis 

Figure 17 shows the application of the LMC6462 as a com- 
parator. The hysteresis is determined by the ratio of the two 
resistors. The LMC6462 can thus be used as a micropower 
comparator, in applications where the quiescent current is 
an important parameter. 

HALF-WAVE AND FULL-WAVE RECTIFIERS 


v+ 



TL/H/12051-24 

FIGURE 18. Half-Wave Rectifier with 
Input Current Protection (R|) 


v+ 



with Input Current Protection (R|) 

In Figures 18 and 19, R| limits current into the amplifier 
since excess current can be caused by the input voltage 
exceeding the supply voltage. 

PRECISION CURRENT SOURCE 


v+ 



TL/H/12051-26 

FIGURE 20. Precision Current Source 

The output current Iqut is given by: 



OSCILLATORS 


R i 



! 


I 
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Application Information (Continued) 

For single supply 5V operation, the output of the circuit will 
swing from OV to 5V. The voltage divider set up R 2 , R 3 and 
R 4 will cause the non-inverting input of the LMC6462 to 
move from 1.67V 0 / 3 of 5V) to 3.33V ( 2 / 3 of 5V). This voltage 
behaves as the threshold voltage. 

Ri and Ci determine the time constant of the circuit. The 

frequency of oscillation, fosc * s (^t) > where At is the time 

the amplifier input takes to move from 1.67V to 3.33V. The 
calculations are shown below. 

I' 6 ? = 5 (!_.-$) 
where r = RC = 0.68 seconds 
—Mi = 0.27 seconds, 
and 

3.33 - 5 ^ _ ,-?) 

— ► t 2 = 0.75 seconds 
Then, fosc = 


(i) 


1 


2 (0.75 - 0.27) 
1 Hz 


LOW FREQUENCY NULL 



with Low Frequency Null 


Output offset voltage is the error introduced in the output 
voltage due to the inherent input offset voltage Vqs. of an 
amplifier. 

Output Offset Voltage = (Input Offset Voltage) (Gain) 

In the above configuration, the resistors R 5 and R q deter- 
mine the nominal voltage around which the input signal, Vin 
should be symmetrical. The high frequency component of 
the input signal Vin will be unaffected while the low frequen- 
cy component will be nulled since the DC level of the output 
will be the input offset voltage of the LMC6462 plus the bias 
voltage. This implies that the output offset voltage due to 
the top amplifier will be eliminated. 
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(V National Semiconductor 

LMC6482 CMOS Dual 

Rail-To-Rail Input and Output Operational Amplifier 


General Description 

The LMC6482 provides a common-mode range that ex- 
tends to both supply rails. This rail-to-rail performance com- 
bined with excellent accuracy, due to a high CMRR, makes 
it unique among rail-to-rail input amplifiers. 

It is ideal for systems, such as data acquisition, that require 
a large input signal range. The LMC6482 is also an excel- 
lent upgrade for circuits using limited common-mode range 
amplifiers such as the TLC272 and TLC277. 

Maximum dynamic signal range is assured in low voltage 
and single supply systems by the LMC6482’s rail-to-rail out- 
put swing. The LMC6482’s rail-to-rail output swing is guar- 
anteed for loads down to 600ft. 

Guaranteed low voltage characteristics and low power dissi- 
pation make the LMC6482 especially well-suited for battery- 
operated systems. 

See the LMC6484 data sheet for a Quad CMOS operational 
amplifier with these same features. 


Features (Typical unless otherwise noted) 

■ Rail-to-Rail Input Common-Mode Voltage Range 
(Guaranteed Over Temperature) 

■ Rail-to-Rail Output Swing (within 20 mV of supply rail, 
100 kft load) 

■ Guaranteed 3V, 5V and 15V Performance 

■ Excellent CMRR and PSRR 82 dB 

■ Ultra Low Input Current 20 fA 

■ High Voltage Gain (Rl = 500 kft) 130 dB 

■ Specified for 2 kft and 600ft loads 

Applications 

■ Data Acquisition Systems 

■ Transducer Amplifiers 

■ Hand-held Analytic Instruments 

■ Medical Instrumentation 

■ Active Filter, Peak Detector, Sample and Hold, pH 
Meter, Current Source 

■ Improved Replacement for TLC272, TLC277 


3V Single Supply Buffer Circuit 


Rail-To-Rail Input 


Rail-To-Rail Output 



Connection Diagram 



»|NO + 



Ordering Information 


NON-INVERTING 
INPUT A 



6 INVERTING 
INPUT B 

5 NON-INVERTING 
INPUT B 



j Temperature Range j 

u or 


Package 

Military 

— 55°C to + 125°C 

Industrial 

— 40°C to +85°C 

NoU 

Drawing 

T ransport 

Media 

8-Pin 

Molded DIP 

LMC6482MN 

LMC6482AIN 

LMC6482IN 

N08E 

Rail 

8-pin 

Small Outline 


LMC6482AIM 

LMC6482IM 

M08A 

Rail 

Tape and Reel 

8-pin 

Ceramic DIP 

LMC6482AMJ/883 

. 

J08A 

Rail 
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Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

ESD T olerance (Note 2) 1 .5 kV 


Differential Input Voltage ± Supply Voltage 

Voltage at Input/Output Pin (V+) + 0.3V, (V~) -0.3V 
Supply Voltage (V + - V “ ) 16V 

Current at Input Pin (Note 12) ± 5 mA 

Current at Output Pin (Notes 3, 8) ± 30 mA 

Current at Power Supply Pin 40 mA 

Lead T emperature (Soldering, 1 0 sec.) 260°C 

Storage Temperature Range - 65°C to + 1 50°C 

Junction Temperature (Note 4) 1 50°C 


Operating Ratings (Notei) 

Supply Voltage 3.0V iV+s 15.5V 


Junction Temperature Range 
LMC6482AM -55°C ^ T j ^ + 125°C 

LMC6482AI, LMC6482I -40°C ^ T j ^ +85°C 


Thermal Resistance (0ja) 

N Package, 8-Pin Molded DIP 90°C/W 

M Package, 8-Pin Surface Mount 1 55°C/W 


DC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ - 5V, V~ = 0V, Vqm = Vq = V+/2 and Rl > 1M. 
Boldface limits apply at the temperature extremes. 






Typ 

(Note 5) 

LMC6482AI 

LMC6482I 

LMC6482M 


Symbol 

Parameter 

| Conditions j 

Limit 

Limit 

Limit 

Units 





(Note 6) 

(Note 6) 

(Note 6) 


Vos 

Input Offset Voltage 



0.11 

0.750 



mV 





1.35 



max 

TCVos 

Input Offset Voltage 
Average Drift 


1.0 




JLtV/°C 

>B 

Input Current 

(Note 13) 

0.02 

4.0 

| 


pA 

max 

los 

Input Offset Current 

(Note 13) 

0.01 


i 


pA 

max 

C|N 

Common-Mode 







PF 


Input Capacitance 



o 




Rin 

Input Resistance 


>10 


1 


Teraft 

CMRR 

Common Mode 

ov <; v CM <; 15.0V 

82 

WEM 


65 


, 

Rejection Ratio 

V+ = 15V 



mSM 


60 

dB 

, 


0V ^ V C M ^ 5.0V 


82 




min 



< 

+ 

II 

cn 

< 







+ PSRR 

Positive Power Supply 

5V<; V+ ^ 15V, V 

- = OV 

82 

70 

65 

65 

dB 


Rejection Ratio 

V 0 = 2.5 V 



67 

62 

60 

min 

— PSRR 

Negative Power Supply 

-5V<: V- <£ -15V, V + = OV 

82 

70 



dB 


Rejection Ratio 

V 0 = -2.5V 



67 



min 

VcM 

Input Common-Mode 

V+ = 5V and 15V 






V 


Voltage Range 

For CMRR > 50 dB I 


WDM 

mom 


max 





V+ + 0.3V 




V 






l 

Dl 


min 

A v 

Large Signal 

R l = 2 kft 

Sourcing 

666 


1 


V/mV 


Voltage Gain 

(Notes 7,13) 



■a i 

WEm 


min 




Sinking 

75 

35 

35 


V/mV 






20 

20 


min 



R l = 600ft 

Sourcing 




50 

V/mV 



(Notes 7, 13) 
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25 

min 




Sinking 



mm 
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DC Electrical Characteristics (Continued) 


Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ = 5V, V~ = OV, Vqm = Vo = V+/2 and Rl > 1M. 
Boldface limits apply at the temperature extremes. 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LMC6482AI 

Limit 
(Note 6) 

LMC6482I 
Limit 
(Note 6) 

LMC6482M 

Limit 
(Note 6) 

Units 

Vo 

Output Swing 

V+ = 5V 

4.9 

4.8 

4.8 

4.8 

V 



R l = 2 kH to V + /2 


4.7 

4.7 

4.7 

min 




0.1 

0.18 

0.18 

0.18 

V 





0.24 

0.24 

0.24 

max 



V+ = 5V 

4.7 

4.5 

4.5 

4.5 

V 



R l = 600ntoV+/2 


4.24 

4.24 

4.24 

min 




0.3 

0.5 

0.5 

0.5 

V 





0.65 

0.65 

0.65 

max 



V+ = 15V 

14.7 

14.4 

14.4 

14.4 

V 



R l = 2kntoV+/2 


14.2 

14.2 

14.2 

min 




0.16 

0.32 

0.32 

0.32 

V 





0.45 

0.45 

0.45 

max 



V+ = 15V 

14.1 

13.4 

13.4 

13.4 

V 



R l = 600atoV+/2 


13.0 

13.0 

13.0 

min 




0.5 

1.0 

1.0 

1.0 

V 





1.3 

1.3 

1.3 

max 

•sc 

Output Short Circuit 

Sourcing, Vq = OV 

20 

16 

16 

16 

mA 


Current 



12 

12 

10 

min 


> 

in 

II 

+ 

> 

Sinking, Vq = 5V 

15 

11 

11 


mA 





9.5 

9.5 

8.0 

min 

•sc 

Output Short Circuit 

Sourcing, Vq = OV 

30 

28 

28 

28 

mA 


Current 



22 

22 

20 

min 


V+ = 15V 

Sinking, Vo = 12V 

30 

30 

30 

30 

mA 



(Note 8) 


24 

24 

22 

min 

•s 

Supply Current 

Both Amplifiers 

1.0 

1.4 

1.4 

1.4 

mA 



V+ = +5V,V 0 = V+/2 


1.8 

1.8 

1(9 

max 



Both Amplifiers 

1.3 

1.6 

1.6 

1.6 

mA 



V+ = 15V, V 0 = V+/2 


1.9 

1.9 

2.0 

max 

— 


1-849 


LMCS482 



LMC6482 


AC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ = 5V, V~ = OV, Vcm ^ Vo = V+/2, and Rl > 1M. 
Boldface limits apply at the temperature extremes. 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LMC6482AI 

Limit 
(Note 6) 

LMC6482I 

Limit 
(Note 6) 

LMC6482M 

Limit 
(Note 6) 

Units 

SR 

Slew Rate 

(Note 9) 

1.3 

1.0 

0.7 

0.9 

0.63 

0.9 

0.54 

V/jLtS 

min 

GBW 

Gain-Bandwidth Product 

V+ = 15V 

1.5 




MHz 


Phase Margin 


50 




Deg 

sum 



15 




dB 


Amp-to-Amp Isolation 

(Note 10) 





dB 

e n 

Input-Referred 

Voltage Noise 

F = 1 kHz 

V C m = IV 

H 




nV/l/Hz 

•n 

Input-Referred 

Current Noise 

F = 1 kHz 





pA/l/Hz 

T.H.D. 

Total Harmonic Distortion 

F = 1 0 kHz, A v = -2 

R L = lOkft, V 0 = 4.1 V PP 

0.01 




% 

F = 10 kHz, A v = -2 

R l = lOkft, V 0 = 8.5 V PP 
v+ = 10V 

0.01 




% 
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DC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ = 3V, V~ = OV, Vcm = Vq = V+/2 and Rl > 1M. 





Typ 

(Note 5) 

LMC6482AI 

LMC6482I 

LMC6482M 


Symbol 

Parameter 

Conditions 

Limit 

Limit 

Limit 

Units 




(Note 6) 

(Note 6) 

(Note 6) 


Vos 

Input Offset Voltage 


0.9 

2.0 

3.0 

3.0 

mV 




2.7 

3.7 

3.8 

max 

TCVqs 

Input Offset Voltage 
Average Drift 


2.0 




jU,V/°C 

■b 

Input Bias Current 


0.02 




pA 

>OS 

Input Offset Current 


0.01 




pA 

CMRR 

Common Mode 

ov <; v CM ^ 3V 

74 

64 

60 

60 

dB 


Rejection Ratio 






min 

PSRR 

Power Supply 

3V ^ V+ <i 15V, V- = ov 

80 

68 

60 

60 

dB 


Rejection Ratio 






min 

Vcm 

Input Common-Mode 

For CMRR ;> 50 dB 

V- -0.25 

0 

0 

0 

V 


Voltage Range 






max 




V+ + 0.25 

V+ 

V + 

V+ 

V 








min 

Vo 

Output Swing 

R L = 2 kft to V + /2 

2.8 




V 




0.2 




V 



R l = 600HtoV+/2 

2.7 

2.5 

2.5 

2.5 

V 








min 




0.37 

0.6 

0.6 

0.6 

V 








max 

•s 

Supply Current 

Both Amplifiers 

0.825 

1.2 

1.2 

1.2 

mA 





1.5 

1.5 

1.6 

max 


AC Electrical Characteristics 

Unless otherwise specified, V+ = 3V, V - = OV, Vcm = Vq = V+/2, and R|_ > 1M. 


Symbol 

Parameter 

Conditions 

Typ 

(Note S) 

LMC6482AI 

Limit 
(Note 6) 

LMC6482I 

Limit 
(Note 6) 

LMC6482M 

Limit 
(Note 6) 

Units 

SR 

Slew Rate 

(Note 11) 

0.9 




V/juiS 

GBW 

Gain-Bandwidth Product 


1.0 




MHz 

T.H.D. 

Total Harmonic Distortion 

F = 10 kHz, A v = -2 

R l = 10 ka V 0 = 2 Vpp 

0.01 




% 


Note 1: Absolute Maximum Ratings indicate limts beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 
Note 2: Human body model, 1.5 kft in series with 100 pF. All pins rated per method 3015.6 of MIL-STD-883. This is a Class 1 device rating. 

Note 3: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. Output currents in excess of ±30 mA over long term may adversely affect reliability. 

Note 4: The maximum power dissipation is a function of Tj( max ), 0ja, and Ta- The maximum allowable power dissipation at any ambient temperature is Pd = 
Oj(max) _ Ta)/0ja. All numbers apply for packages soldered directly into a PC board. 

Note 5: Typical Values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: V+ = 15V, V C m = 7.5V and R L connected to 7.5V. For Sourcing tests, 7.5 V £ V 0 ^ 11.5V. For Sinking tests, 3.5V <: V 0 £ 7.5V. 

Note 8: Do not short circuit output to V+, when V+ is greater than 13V or reliability will be adversely affected. 

Note 9: V+ = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of either the positive or negative slew rates. 

Note 10: Input referred, V+ = 15V and Rl = 100 kfl connected to 7.5V. Each amp excited in turn with 1 kHz to produce Vq = 12 Vpp. 

Note 11: Connected as voltage Follower with 2V step input. Number specified is the slower of either the positive or negative slew rates. 

Note 12: Limiting input pin current is only necessary for input voltages that exceed absolute maximum input voltage ratings. 

Note 13: Guaranteed limits are dictated by tester limitations and not device performance. Actual performance is reflected in the typical value. 

Note 14: For guaranteed Military Temperature parameters see RETS6482X. 
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Typical Performance Characteristics 

Vs = + 15V, Single Supply, Ta = 25°C unless otherwise specified 


Supply Current vs 
Supply Voltage 
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Sinking Current vs 
Output Voltage 
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Typical Performance Characteristics 

Vs = + 15V, Single Supply, Ta = 25°C unless otherwise specified (Continued) 


Input Voltage vs 
Output Voltage 


Input Voltage vs 
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Typical Performance Characteristics 

Vg = + 15V, Single Supply, Ta = 25°C unless otherwise specified (Continued) 


Non-Inverting Large Non-Inverting Large Non-Inverting Small 

Signal Pulse Response Signal Pulse Response Signal Pulse Response 
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CAPACITIVE LOAD (pF) 


Typical Performance Characteristics 

Vs = + 15V, Single Supply, Ta = 25°C unless otherwise specified (Continued) 


Stability vs 
Capacitive Load 
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Application Information 

1.0 Amplifier Topology 

The LMC6482 incorporates specially designed wide-compli- 
ance range current mirrors and the body effect to extend 
input common mode range to each supply rail. Complemen- 
tary paralleled differential input stages, like the type used in 
other CMOS and bipolar rail-to-rail input amplifiers, were not 
used because of their inherent accuracy problems due to 
CMRR, cross-over distortion, and open-loop gain variation. 
The LMC6482’s input stage design is complemented by an 
output stage capable of rail-to-rail output swing even when 
driving a large load. Rail-to-rail output swing is obtained by 
taking the output directly from the internal integrator instead 
of an output buffer stage. 

2.0 Input Common-Mode Voltage 
Range 

Unlike Bi-FET amplifier designs, the LMC6482 does not ex- 
hibit phase inversion when an input voltage exceeds the 
negative supply voltage. Figure 1 shows an input voltage 
exceeding both supplies with no resulting phase inversion 
on the output. 

3V 


ov 

TL/H/11713-10 

FIGURE 1. An Input Voltage Signal Exceeds the 
LMC6482 Power Supply Voltages with 
No Output Phase Inversion 

The absolute maximum input voltage is 300 mV beyond ei- 
ther supply rail at room temperature. Voltages greatly ex- 
ceeding this absolute maximum rating, as in Figure 2, can 
cause excessive current to flow in or out of the input pins 
possibly affecting reliability. 



V| N (±7.5V) 


Vqut (W/div) 


TL/H/1 1713-39 

FIGURE 2. A ±7.5V Input Signal Greatly 
Exceeds the 3V Supply in Figure 3 Causing 
No Phase Inversion Due to R| 

Applications that exceed this rating must externally limit the 
maximum input current to ± 5 mA with an input resistor (R|) 
as shown in Figure 3. 



TL/H/1 1713-11 

FIGURE 3. R| Input Current Protection for 
Voltages Exceeding the Supply Voltages 

3.0 Rail-To-Rail Output 

The approximated output resistance of the LMC6482 is 
180ft sourcing and 130ft sinking at Vs = 3V and 110ft 
sourcing and 80ft sinking at Vs = 5V. Using the calculated 
output resistance, maximum output voltage swing can be 
estimated as a function of load. 

4.0 Capacitive Load Tolerance 

The LMC6482 can typically directly drive a 100 pF load with 
Vs = 15V at unity gain without oscillating. The unity gain 
follower is the most sensitive configuration. Direct capaci- 
tive loading reduces the phase margin of op-amps. The 
combination of the op-amp’s output impedance and the ca- 
pacitive load induces phase lag. This results in either an 
underdamped pulse response or oscillation. 

Capacitive load compensation can be accomplished using 
resistive isolation as shown in Figure 4. This simple tech- 
nique is useful for isolating the capacitive inputs of multi- 
plexers and A/D converters. 



FIGURE 4. Resistive Isolation 
of a 330 pF Capacitive Load 



1 
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Application Information (Continued) 



TL/H/11713-18 


FIGURE 5. Pulse Response of 
the LMC6482 Circuit in Figure 4 
Improved frequency response is achieved by indirectly driv- 
ing capacitive loads, as shown in Figure 6. 

lOkft 

I W\ 1 



TL/H/1 1713-15 

FIGURE 6. LMC6482 Noninverting Amplifier, 
Compensated to Handle a 330 pF Capacitive Load 

R1 and Cl serve to counteract the loss of phase margin by 
feeding forward the high frequency component of the output 
signal back to the amplifiers inverting input, thereby preserv- 
ing phase margin in the overall feedback loop. The values of 
R1 and Cl are experimentally determined for the desired 
pulse response. The resulting pulse response can be seen 
in Figure 7. 



TL/H/1 1713-16 

FIGURE 7. Pulse Response of 
LMC6482 Circuit in Figure 6 


5.0 Compensating for Input 
Capacitance 

It is quite common to use large values of feedback resist- 
ance with amplifiers that have ultra-low input current, like 
the LMC6482. Large feedback resistors can react with small 
values of input capacitance due to transducers, photodi- 
odes, and circuits board parasitics to reduce phase margins. 

Cf 

i II 1 


R2 

-wv 



TL/H/1 1713-19 

FIGURE 8. Canceling the Effect of Input Capacitance 

The effect of input capacitance can be compensated for by 
adding a feedback capacitor. The feedback capacitor (as in 
Figure 8), Cf, is first estimated by: 

1 ^ 1 
27tRi C||sj 27tR 2 Cf 
or 


Rl C| N £ R 2 Cf 

which typically provides significant overcompensation. 
Printed circuit board stray capacitance may be larger or 
smaller than that of a bread-board, so the actual optimum 
value for Cf may be different. The values of Cf should be 
checked on the actual circuit. (Refer to the LMC660 quad 
CMOS amplifier data sheet for a more detailed discussion.) 
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Application Information (Continued) 

6.0 Printed-Circuit-Board Layout 
for High-Impedance Work 

It is generally recognized that any circuit which must oper- 
rate with less than 1000 pA of leakage current requires spe- 
cial layout of the PC board. When one wishes to take advan- 
tage of the ultra-low input current of the LMC6482, typically 
less than 20 fA, it is essential to have an excellent layout. 
Fortunately, the techniques of obtaining low leakages are 
quite simple. First, the user must not ignore the surface 
leakage of the PC board, even through it may sometimes 
appear acceptably low, because under conditions of high 
humidity or dust or contamination, the surface leakage will 
be appreciable. 

To minimize the effect of any surface leakage, lay out a ring 
of foil completely surrounding the LM6482’s inputs and the 
terminals of capacitors, diodes, conductors, resistors, relay 
terminals, etc. connected to the op-amp’s inputs, as in Fig- 
ure 9. To have a significant effect, guard rings should be 
placed on both the top and bottom of the PC board. This PC 
foil must then be connected to a voltage which is at the 
same voltage as the amplifier inputs, since no leakage cur- 
rent can flow between two points at the same potential. For 
example, a PC board trace-to-pad resistance of 10 12 n, 
which is normally considered a very large resistance, could 
leak 5 pA if the trace were a 5V bus adjacent to the pad of 
the input. This would cause a 250 times degradation from 
the LMC6482’s actual performance. However, if a guard 
ring is held within 5 mV of the inputs, then even a resistance 
of lOUft would cause only 0.05 pA of leakage current. See 
Figures 10a, 10b, 10c for typical connections of guard rings 
for standard op-amp configurations. 



TL/H/1 1713-20 

FIGURE 9. Example of Guard Ring in P.C. Board Layout 


ci 



(a) Inverting Amplifier 

R2 




-OUTPUT 


TL/H/1 1713-23 


FIGURE 10. Typical Connections of Guard Rings 


The designer should be aware that when it is inappropriate 
to lay out a PC board for the sake of just a few circuits, there 
is another technique which is even better than a guard ring 
on a PC board: Don’t insert the amplifier’s input pin into the 
board at all, but bend it up in the air and use only air as an 
insulator. Air is an excellent insulator. In this case you may 
have to forego some of the advantages of PC board con- 
struction, but the advantages are sometimes well worth the 
effort of using point-to-point up-in-the-air wiring. See Figure 
11 . 


FEEDBACK 

CAPACITOR 



(Input pins are lifted out of PC board and soldered directly to components. 
All other pins connected to PC board.) 


FIGURE 11. Air Wiring 


j 
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Application Information (Continued) 

7.0 Offset Voltage Adjustment 

Offset voltage adjustment circuits are illustrated in Figure 12 
and 13. Large value resistances and potentiometers are 
used to reduce power consumption while providing typically 
± 2.5 mV of adjustment range, referred to the input, for both 
configurations with Vs = ±5V. 


V+ R4 



TL/H/1 1713-25 

FIGURE 12. Inverting Configuration 
Offset Voltage Adjustment 



TL/H/1 1713-26 

FIGURE 13. Non-Inverting Configuration 
Offset Voltage Adjustment 


8.0 Upgrading Applications 

The LMC6484 quads and LMG6482 duals have industry 
standard pin outs to retrofit existing applications. System 
performance can be greatly increased by the LMC6482’s 
features. The key benefit of designing in the LMC6482 is 
increased linear signal range. Most op-amps have limited 
input common mode ranges. Signals that exceed this range 
generate a non-linear output response that persists long af- 
ter the input signal returns to the common mode range. 
Linear signal range is vital in applications such as filters 
where signal peaking can exceed input common mode 
ranges resulting in output phase inverison or severe distor- 
tion. 

9.0 Data Acquisition Systems 

Low power, single supply data acquisition system solutions 
are provided by buffering the ADC12038 with the LMC6482 
(Figure 14). Capable of using the full supply range, the 
LMC6482 does not require input signals to be scaled down 
to meet limited common mode voltage ranges. The 
LMC4282 CMRR of 82 dB maintains integral linearity of a 
12-bit data acquisition system to ±0.325 LSB. Other rail-to- 
rail input amplifiers with only 50 dB of CMRR will degrade 
the accuracy of the data acquisition system to only 8 bits. 


5V 



ADC 12038 maintaining excellent accuracy 
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Application Information (Continued) 

10.0 Instrumentation Circuits 

The LMC6482 has the high input impedance, large com- 
mon-mode range and high CMRR needed for designing in- 
strumentation circuits. Instrumentation circuits designed 
with the LMC6482 can reject a larger range of common- 
mode signals than most in-amps. This makes instrumenta- 
tion circuits designed with the LMC6482 an excellent choice 
of noisy or industrial environments. Other applications that 


benefit from these features include analytic medical instru- 
ments, magnetic field detectors, gas detectors, and silicon- 
based tranducers. 

A small valued potentiometer is used in series with R g to set 
the differential gain of the 3 op-amp instrumentation circuit 
in Figure 15. This combination is used instead of one large 
valued potentiometer to increase gain trim accuracy and re- 
duce error due to vibration. 



TL/H/1 171 3-29 

FIGURE 15. Low Power 3 Op-Amp Instrumentation Amplifier 


A 2 op-amp instrumentation amplifier designed for a gain of 
1 00 is shown in Figure 16. Low sensitivity trimming is made 
for offset voltage, CMRR and gain. Low cost and low power 
consumption are the main advantages of this two op-amp 
circuit. 


Higher frequency and larger common-mode range applica- 
tions are best facilitated by a three op-amp instrumentation 
amplifier. 


ion 



TL/H/1 1713-30 

FIGURE 16. Low-Power Two-Op- Amp Instrumentation Amplifier 
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Application Information (Continued) 

1 1.0 Spice Macromodel 

A spice macromodel is available for the LMC6482. This 
model includes accurate simulation of: 

• Input common-mode voltage range 

• Frequency and transient response 

• GBW dependence on loading conditions 

• Quiescent and dynamic supply current 

• Output swing dependence on loading conditions 

and many more characteristics as listed on the macromodel 
disk. 

Contact your local National Semiconductor sales office to 
obtain an operational amplifier spice model library disk. 

Typical Single-Supply Applications 


V+ = 3V 



TL/H/11713-31 

FIGURE 17. Half-Wave Rectifier 
with Input Current Protection (Rl) 



TL/H/1 1713-32 

FIGURE 17A. Half-Wave Rectifier Waveform 

The circuit in Figure 17 uses a single supply to half wave 
rectify a sinusoid centered about ground. R| limits current 
into the amplifier caused by the input voltage exceeding the 
supply voltage. Full wave rectification is provided by the cir- 
cuit in Figure 18. 


v+ 



with Input Current Protection (R|) 



TL/H/1 1713-34 

FIGURE 18 A. Full Wave Rectifier Waveform 


v+ 



w(^) 

TL/H/1 1713-35 

FIGURE 19. Large Compliance Range Current Source 
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Typical Single-Supply Applications 



TL/H/1 1713-36 


FIGURE 20. Positive Supply Current Sense 

20 kn 



TL/H/1 1713-37 

FIGURE 21. Low Voltage Peak Detector with Rail-to-Rail Peak Capture Range 

In Figure 21 dielectric absorption and leakage is minimized by using a polystyrene or polyethylene hold capacitor. The droop rate 
is primarily determined by the value of Ch and diode leakage current. The ultra-low input current of the LMC6482 has a 
negligible effect on droop. 



FIGURE 22. Rail-to-Rail Sample and Hold 

The LMC6482’s high CMRR (82 dB) allows excellent accuracy throughout the circuit’s rail-to-rail dynamic capture range. 

ci 



TL/H/1 1713-27 


FIGURE 23. Rail-to-Rail Single Supply Low Pass Filter 

The low pass filter circuit in Figure 23 can be used as an anti-aliasing filter with the same voltage supply as the A/D converter. 
Filter designs can also take advantage of the LMC6482 ultra-low input current. The ultra-low input current yields negligible offset 
error even when large value resistors are used. This in turn allows the use of smaller valued capacitors which take less board 
space and cost less. 
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National Semiconductor 


LMC6484 CMOS Quad 

Rail-to-Rail Input 

and Output Operational Amplifier 


General Description 

The LMC6484 provides a common-mode range that ex- 
tends to both supply rails. This rail-to-rail performance com- 
bined with excellent accuracy, due to a high CMRR, makes 
it unique among rail-to-rail input amplifiers. 

It is ideal for systems, such as data acquisition, that require 
a large input signal range. The LMC6484 is also an excel- 
lent upgrade for circuits using limited common-mode range 
amplifiers such as the TLC274 and TLC279. 

Maximum dynamic signal range is assured in low voltage 
and single supply systems by the LMC6484’s rail-to-rail out- 
put swing. The LMC6484’s rail-to-rail output swing is guar- 
anteed for loads down to 600ft. 

Guaranteed low voltage characteristics and low power dissi- 
pation make the LMC6484 especially well-suited for battery- 
operated systems. 

See the LMC6482 data sheet for a Dual CMOS operational 
amplifier with these same features. 


Features (Typical unless otherwise noted) 

■ Rail-to-Rail Input Common-Mode Voltage Range 
(Guaranteed Over Temperature) 

■ Rail-to-Rail Output Swing 

(within 20 mV of supply rail, 100 kft load) 

■ Guaranteed 3V, 5V and 1 5V Performance 

■ Excellent CMRR and PSRR 82 dB 

■ Ultra Low Input Current 20 fA 

■ High Voltage Gain (R|_ = 500 kft) 130 dB 

■ Specified for 2 kft and 600ft loads 

Applications 

■ Data Acquisition Systems 

■ T ransducer Amplifiers 

■ Hand-held Analytic Instruments 

■ Medical Instrumentation 

■ Active Filter, Peak Detector, Sample and Hold, 
pH Meter, Current Source 

■ Improved Replacement for TLC274, TLC279 


3V Single Supply Buffer Circuit 



Rail-to-Rail Output 



TL/H/1 1714-3 


Connection Diagram 


14 13 12 11 10 9 8 



Ordering 

3 Information 

Package 

Temperature Range 

NSC 

Drawing 

Transport 

Media 

Military 

— 55°C to + 125°C 

Industrial 

— 40°C to +85°C 

1 4-pin 

Molded DIP 

LMC6484MN 

LMC6484AIN 

LMC6484IN 

N14A 

Rail 

14-pin 

Small Outline 


LMC6484AIM 

LMC6484IM 

M14A 

Rail 

Tape and Reel 

14-pin 

Ceramic DIP 

LMC6484AMJ/883 


J14A 

Rail 


1-864 




Absolute Maximum Ratings (Note d 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

ESD Tolerance (Note 2) 2.0 kV 

Differential Input Voltage ± Supply Voltage 

Voltage at Input/Output Pin (V+) + 0.3V, (V~) - 0.3V 
Supply Voltage (V + - V _ ) 16V 

Current at Input Pin (Note 12) + 5 mA 

Current at Output Pin (Notes 3, 8) ± 30 mA 

Current at Power Supply Pin 40 mA 

Lead T emp. (Soldering, 1 0 sec.) 260°C 


Storage T emperature Range - 65°C to + 1 50°C 

Junction T emperature (Note 4) 1 50°C 

Operating Ratings (Note i) 

Supply Voltage 3.0V <: V+ <: 15.5V 

Junction Temperature Range 
LMC6484AM -55°C <; T j £ + 125°C 

LMC6484AI, LMC6484I -40°C £ Tj £ + 85°C 

Thermal Resistance (0 ja) 

N Package, 1 4-Pin Molded DIP 70°C/W 

M Package, 1 4-Pin Surface Mount 1 1 0°C/W 


DC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ = 5V, V - = 0V, Vcm = Vo = V+/2 and Rl > 1M. 
Boldface limits apply at the temperature extremes. 






Typ 

(Note 5) 

LMC6484AI 

LMC6484I 

LMC6484M 


Symbol 

Parameter 

Conditions ! 

Limit 

Limit 

Limit 

Units 





(Note 6) 

(Note 6) 

(Note 6) 


Vos 

Input Offset Voltage 



0.110 

0.750 

3.0 

3.0 

mV 





1.35 

3.7 

3.8 

max 

TCVos 

Input Offset Voltage 
Average Drift 


1.0 




jaV/°C 

>B 

Input Current 

(Note 1 3) 

0.02 

4.0 

4.0 

100 

pA max 

•os 

Input Offset Current 

(Note 13) 

0.01 

2.0 

2.0 

50 

pAmax 

Qn 

Common-Mode 







PF 


Input Capacitance 








Input Resistance 


>10 




Teraft 

CMRR 

Common Mode 

0V ^ V CM <: 15.0V, 

82 

70 

65 

65 



Rejection Ratio 

V+ = 15V 


67 

62 

60 

dB 



ov <; v C M ^ 5.ov 


82 

70 

65 

65 

min 



< 

+ 

II 

2 


67 

62 

60 


+ PSRR 

Positive Power Supply 

5V^ V+ ^ 15V, 


82 

70 

65 

65 

dB 


Rejection Ratio 

V- = 0V, V 0 = 2.5V 

67 

62 

60 

min 

— PSRR 

Negative Power Supply 

-5V<; V- ^ -15V, 

82 

70 

65 

65 

dB 


Rejection Ratio 

| v+ = ov, v 0 = - 

2.5V 

67 

62 

60 

min 

Vcm 

Input Common-Mode 
Voltage Range 

V+ = 5V and 15V 

For CMRR > 50 dB 

CO 

0 

1 

l 

> 

-0.25 

O 

-0.25 

O 

-0.25 

O 

V 

max 





V+ + 0.3 

V+ + 0.25 

V+ + 0.25 

V+ + 0.25 

V 





V+ 

V+ 

V+ 

min 

A V 

Large Signal 

R l = 2kf> 

Sourcing 

666 

140 

120 

120 

V/mV 


Voltage Gain 

(Notes 7,13) 


84 

72 

60 

min 




Sinking 

75 

35 

35 

35 

V/mV 





20 

20 

18 

min 



R L = 600H 

Sourcing 

300 

80 

50 

50 

V/mV 



(Notes 7, 13) 


48 

30 

25 

min 




Sinking 

35 

20 

15 

15 

V/mV 





13 

10 

8 

min 
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DC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ = 5V, V - = OV, Vqm = Vq = V+/2 and Rl > 1M. 
Boldface limits apply at the temperature extremes. (Continued) 





Typ 

(Note 5) 

LMC6484AI 

LMC6484I 

LMC6484M 


Symbol 

Parameter 

Conditions 

Limit 

Limit 

Limit 

Units 




(Note 6) 

(Note 6) 

(Note 6) 


Vo 

Output Swing 

V + = 5V 

4.9 

4.8 

4.8 

4.8 

V 



R l = 2 kft to V + /2 

4.7 

4.7 

4.7 

min 




0.1 




V 







max 



V+ = 5V 

4.7 



4.5 




R l = 60011 to V+/2 



4.24 







0.5 

0.5 

V 





0.65 

0.65 

max 



V+ = 15V 


14.4 

■ 





R l = 2 kH to V+/2 

14.2 

■229 

■1119 









V 






^E&9i 

max 



V+ = 15V 



■ 





R l = 800ft to V+/2 



miTm 








wmm 

V 





1 

MEM 

max 

•sc 

Output Short Circuit 

Sourcing, Vq = 0V 

20 

16 

16 

16 

mA 


Current 


12 

12 

10 

min 


> 

in 

II 

+ 

> 

Sinking, Vq = 5V 

15 

11 

11 

11 

mA 




9.5 

9.5 

8.0 

min 

•sc 

Output Short Circuit 

Sourcing, Vo = 0V 

30 

28 

28 

28 

mA 


Current 


22 

22 

20 

min 


V+ = 15V 

Sinking, Vq = 12V 

30 

30 

3d 

30 

mA 



(Note 8) 

24 

24 

22 

min 

•s 

Supply Current 

All Four Amplifiers 

2.0 

2.8 

2.8 

2.8 

mA 



V+ = +5V, V 0 = V+/2 

3.6 

3.6 

3.8 

max 



All Four Amplifiers 

2.6 

3.0 

3.0 

3.0 

mA 



V+ = + 1 5V, Vq = V+/2 

3.8 

3.8 

4.0 

max 


AC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ = 5V, V - = OV, Vqm = Vq = V+/2 and Rl > 1M. 
Boldface limits apply at the temperature extremes. 


Symbol 


SR 


GBW 

Gm 


e n 


•n 


T.H.D. 


Parameter 


Conditions 


Typ 

(Note 5) 


LMC6484A 
Limit 
(Note 6) 


LMC6484I 
Limit 
(Note 6) 


LMC6484M 
Limit 
(Note 6) 


Units 


Slew Rate 


(Note 9) 


1.3 


1.0 

0.7 


0.9 

0.63 


0.9 

0.54 


V/jns 

min 


Gain-Bandwidth Product 


V+ = 15V 


1.5 


MHz 


Phase Margin 


50 


Deg 


Gain Margin 


15 


dB 


Amp-to-Amp Isolation 


(Note 1 0) 


150 


dB 


Input-Referred 
Voltage Noise 


f = 1 kHz 
Vcm = IV 


37 


nV/VHz - 


Input-Referred 
Current Noise 


f = 1 kHz 


0.03 


pA/yjHZ 


Total Harmonic Distortion 


f = 1 kHz, A v = -2 
R L = 10 kft, V 0 = 4.1 V PP 


0.01 


% 


f = 10 kHz, A v = -2 
r l = io kn, v 0 = 8.5 v PP 
V+ = 10V 


0.01 
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DC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ = 3V, V~ = OV, Vqm = Vq = V+/2 and Rl > 1M 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LMC6484AI 
Limit 
(Note 6) 

LMC6484I 
Limit 
(Note 6) 

LMC6484M 
Limit 
(Note 6) 

Units 

Vos 

Input Offset Voltage 


0.9 

2.0 

2.7 

3.0 

3.7 

3.0 

3.8 

mV 

max 

TCVos 

Input Offset Voltage 
Average Drift 


2.0 




jaV/°C 

•b 

Input Bias Current 


0.02 




pA 

•os 

Input Offset Current 


0.01 




pA 

CMRR 

Common Mode 
Rejection Ratio 

0V ^ V C M ^ 3V 

74 

64 

60 

60 

dB 

min 

PSRR 

Power Supply 
Rejection Ratio 

3V <; v + <: 15V, v- = ov 

80 

68 

60 

60 

dB 

min 

VcM 

Input Common-Mode 
Voltage Range 

For CMRR ^ 50 dB 

V- - 0.25 

0 

0 

0 

V 

max 


V+ 

v+ 


V 

min 

v 0 

Output Swing 

R L = 2kH to V+/2 

2.8 




V 

0.2 




V 

V 

min 

V 

max 

r l = 60onto v+/2 

mm 



Efl 

0.37 

0.6 

0.6 


Is 

Supply Current 

All Four Amplifiers 

1.65 



— 

mA 

max 


AC Electrical Characteristics 

Unless otherwise specified, V+ = 3V, V~ = OV, Vqm •=■ v 0 = V+/2 and Rl > 1M 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LMC6484AI 

Limit 
(Note 6) 

LMC6484I 

Limit 
(Note 6) 

LMC6484M 

Limit 
(Note 6) 

Units 

SR 

Slew Rate 

(Note 11) 

0.9 




V/jLlS 

GBW 

Gain-Bandwidth Product 


1.0 




MHz 

T.H.D. 

Total Harmonic Distortion 

f = 10 kHz, A v = -2 

R L = 10kn, V 0 = 2 Vpp 

0.01 




% 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 
Note 2: Human body model, 1.5 kfl in series with 100 pF. All pins rated per method 3015.6 of MIL-STD-883. This is a class 2 device rating. 

Note 3: Applies to both single supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. Output currents in excess of ±30 mA over long term may adversely affect reliability. 

Note 4: The maximum power dissipation is a function of Tj( max ), 0 JA , and T A . The maximum allowable power dissipation at any ambient temperature is 
p D = (Tj(max) ~ T A )/0j A . All numbers apply for packages soldered directly into a PC board. 

Note 5: Typical Values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: V+ = 15V, V C m = 7.5V and R L connected to 7.5 V. For Sourcing tests, 7.5V <: V 0 ^ 11.5V. For Sinking tests, 3.5V £ V 0 £ 7.5V. 

Note 8: Do not short circuit output to V + , when V + is greater than 13V or reliability will be adversely affected. 

Note 9: V+ = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of either the positive or negative slew rates. 

Note 10: Input referred, V+ = 15V and Rl = 100 kft connected to 7.5V. Each amp excited in turn with 1 kHz to produce Vq = 12 Vpp. 

Note 11: Connected as Voltage Follower with 2 V step input. Number specified is the slower of either the positive or negative slew rates. 

Note 12: Limiting input pin current is only necessary for input voltages that exceed absolute maximum input voltage ratings. 

Note 13: Guaranteed limits are dictated by tester limitations and not device performance. Actual performance is reflected in the typical value. 

Note 14: For guaranteed Military Temperature Range parameters see RETSMC6484X. 
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S Typical Performance Characteristics 

O Vs = +15V, Single Supply, Ta = 25°C unless otherwise specified 


Supply Current vs 
Supply Voltage 
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Input Current vs 
Temperature 
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Sourcing Current vs 
Output Voltage 
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Sinking Current vs 
Output Voltage 
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Output Voltage Swing 
vs Supply Voltage 
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Typical Performance Characteristics 

Vs = + 15V, Single Supply, Ta = 25°C unless otherwise specified (Continued) 
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Application Information (Continued) 

1 .0 Amplifier T opology 

The LMC6484 incorporates specially designed wide-compli- 
ance range current mirrors and the body effect to extend 
input common mode range to each supply rail. Complemen- 
tary paralleled differential input stages, like the type used in 
other CMOS and bipolar rail-to-rail input amplifiers, were not 
used because of their inherent accuracy problems due to 
CMRR, cross-over distortion, and open-loop gain variation. 
The LMC6484’s input stage design is complemented by an 
output stage capable of rail-to-rail output swing even when 
driving a large load. Rail-to-rail output swing is obtained by 
taking the output directly from the internal integrator instead 
of an output buffer stage. 

2.0 Input Common-Mode Voltage 
Range 

Unlike Bi-FET amplifier designs, the LMC6484 does not ex- 
hibit phase inversion when an input voltage exceeds the 
negative supply voltage. Figure 1 shows an input voltage 
exceeding both supplies with no resulting phase inversion 
on the output. 

3V 


ov 

TL/H/1 1714-10 

FIGURE 1. An Input Voltage Signal Exceeds the 
LMC6484 Power Supply Voltages with 
No Output Phase Inversion 

The absolute maximum input voltage is 300 mV beyond ei- 
ther supply rail at room temperature. Voltages greatly ex- 
ceeding this absolute maximum rating, as in Figure 2 , can 
cause excessive current to flow in or out of the input pins 
possibly affecting reliability. 



V| N {±7.5V) 


Vqut (IV/div) 



TL/H/1 1714-12 


FIGURE 2. A ±7.5V Input Signal Greatly 
Exceeds the 3V Supply in Figure 3 Causing 
No Phase Inversion Due to R| 


Applications that exceed this rating must externally limit the 
maximum input current to ±5 mA with an input resistor as 
shown in Figure 3. 



FIGURE 3. R| Input Current Protection for 
Voltages Exceeding the Supply Voltage 


3.0 Rail-To-Rail Output 

The approximated output resistance of the LMC6484 is 
180ft sourcing and 130ft sinking at Vs = 3V and 110ft 
sourcing and 83ft sinking at Vs = 5V. Using the calculated 
output resistance, maximum output voltage swing can be 
estimated as a function of load. 

4.0 Capacitive Load Tolerance 

The LMC6484 can typically directly drive a 100 pF load with 
Vs = 1 5V at unity gain without oscillating. The unity gain 
follower is the most sensitive configuration. Direct capaci- 
tive loading reduces the phase margin of op-amps. The 
combination of the op-amp’s output impedance and the ca- 
pacitive load induces phase lag. This results in either an 
underdamped pulse response or oscillation. 

Capacitive load compensation can be accomplished using 
resistive isolation as shown in Figure 4. This simple tech- 
nique is useful for isolating the capacitive input of multiplex- 
ers and A/D converters. 



TL/H/1 1714-1 7 

FIGURE 4. Resistive Isolation 
of a 330 pF Capacitive Load 
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TL/H/1 1714-18 

FIGURE 5. Pulse Response of 
the LMC6484 Circuit in Figure 4 
Improved frequency response is achieved by indirectly driv- 
ing capacitive loads as shown in Figure 6. 

iok n 

I VW , 


^ 100 pF 
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FIGURE 6. LMC6484 Non-Inverting Amplifier, 
Compensated to Handle a 330 pF Capacitive Load 

R1 and Cl serve to counteract the loss of phase margin by 
feeding forward the high frequency component of the output 
signal back to the amplifier’s inverting input, thereby pre- 
serving phase margin in the overall feedback loop. The val- 
ues of R1 and Cl are experimentally determined for the 
desired pulse response. The resulting pulse response can 
be seen in Figure 7. 


5.0 Compensating for Input 
Capacitance 

It is quite common to use large values of feedback resist- 
ance with amplifiers that have ultra-low input current, like 
the LMC6484. Large feedback resistors can react with small 
values of input capacitance due to transducers, photodi- 
odes, and circuit board parasitics to reduce phase margins. 

Cf 

i II 1 


R2 

AAA r 
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FIGURE 8. Canceling the Effect of Input Capacitance 

The effect of input capacitance can be compensated for by 
adding a feedback capacitor. The feedback capacitor (as in 
Figure 8 ), Cf, is first estimated by: 

1 1 
2irR-\ 0|fsi 2wR2 Cf 
or 

% Ri C, N ^R 2 C f 

which typically provides significant overcompensation. 
Printed circuit board stray capacitance may be larger or 
smaller than that of a breadboard, so the actual optimum 
value for Cf may be different. The values of Cf should be 
checked on the actual circuit. (Refer to the LMC660 quad 
CMOS amplifier data sheet for a more detailed discussion.) 



TL/H/1 1714-16 


FIGURE 7. Pulse Response of 
LMC6484 Circuit in Figure 6 
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6.0 Printed-Circuit-Board Layout 
for High-Impedance Work 

It is generally recognized that any circuit which must oper- 
ate with less than 1000 pA of leakage current requires spe- 
cial layout of the PC board, when one wishes to take advan- 
tage of the ultra-low input current of the LMC6484, typically 
Iqss than 20 fA, it is essential to have an excellent layout. 
Fortunately, the techniques of obtaining low leakages are 
quite simple. First, the user must not ignore the surface 
leakage of the PC board, even though it may sometimes 
appear acceptably low, because under conditions of high 
humidity or dust or contamination, the surface leakage will 
be appreciable. 

To minimize the effect of any surface leakage, lay out a ring 
of foil completely surrounding the LMC6484’s inputs and the 
terminals of capacitors, diodes, conductors, resistors, relay 
terminals, etc. connected to the op-amp’s inputs, as in Fig- 
ure 9. To have a significant effect, guard rings should be 
placed in both the top and bottom of the PC board. This PC 
foil must then be connected to a voltage which is at the 
same voltage as the amplifier inputs, since no leakage cur- 
rent can flow between two points at the same potential. For 
example, a PC board trace-to-pad resistance of 10 12 ft, 
which is normally considered a very large resistance, could 
leak 5 pA if the trace were a 5 V bus adjacent to the pad of 
the input. This would cause a 250 times degradation from 
the LMC6484’s actual performance. However, if a guard 
ring is held within 5 mV of the inputs, then even a resistance 
of would cause only 0.05 pA of leakage current. See 
Figures 10a , 10b and 10c for typical connections of guard 
rings for standard op-amp configurations. 



TL/H/1 171 4-20 

FIGURE 9. Example of Guard Ring in P.C. Board Layout 
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FIGURE 10. Typical Connections of Guard Rings 


The designer should be aware that when it is inappropriate 
to lay out a PC board for the sake of just a few circuits, there 
is another technique which is even better than a guard ring 
on a PC board: Don’t insert the amplifier’s input pin into the 
board at all, but bend it up in the air and use only air as an 
insulator. Air is an excellent insulator. In this case you may 
have to forego some of the advantages of PC board con- 
struction, but the advantages are sometimes well worth the 
effort of using point-to-point up-in-the-air wiring. See 
Figure 11. 


FEEDBACK 

CAPACITOR 



(Input pins are lifted out of PC board and soldered directly to components. 
All other pins connected to PC board.) 


FIGURE 11. Air Wiring 
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7.0 Offset Voltage Adjustment 

Offset voltage adjustment circuits are illustrated in Figures 
13 and 14. Large value resistances and potentiometers are 
used to reduce power consumption while providing typically 
±2.5 mV of adjustment range, referred to the input, for both 
configurations with Vs = ± 5 V. 


V+ R4 



TL/H/1 1714-25 

FIGURE 12. Inverting Configuration 
Offset Voltage Adjustment 



FIGURE 13. Non-Inverting Configuration 
Offset Voltage Adjustment 


8.0 Upgrading Applications 

The LMC6484 quads and LMC6482 duals have industry 
standard pin outs to retrofit existing applications. System 
performance can be greatly increased by the LMC6484’s 
features. The key benefit of designing iri the LMC6484 is 
increased linear signal range. Most op-amps Have limited 
input common mode ranges. Signals that exceed this range 
generate a non-linear output response that persists long af- 
ter the input signal returns to the common mode range. 
Linear signal range is vital in applications such as filters 
where signal peaking can exceed input common mode 
ranges resulting in output phase inversion or severe distor- 
tion. 

9.0 Data Acquisition Systems 

Low power, single supply data acquisition system solutions 
are provided by buffering the ADC12038 with the LMC6484 
(Figure 14). Capable of using the full supply range, the 
LMC6484 does not require input signals to be scaled down 
to meet limited common mode voltage ranges. The 
LMC6484 CMRR of 82 dB maintains integral linearity of a 
12-bit data acquisition system to ±0.325 LSB. Other rail-to- 
rail input amplifiers with only 50 dB of CMRR will degrade 
the accuracy of the data acquisition system to only 8 bits. 


5V 



FIGURE 14. Operating from the same 
Supply Voltage, the LMC6484 buffers the 
ADC 12038 maintaining excellent accuracy 


1-876 







Application Information (Continued) 

10.0 Instrumentation Circuits 

The LMC6484 has the high input impedance, large com- 
mon-mode range and high CMRR needed for designing in- 
strumentation circuits. Instrumentation circuits designed 
with the LMC6484 can reject a larger range of common- 
mode signals than most in-amps. This makes instrumenta- 
tion circuits designed with the LMC6484 an excellent choice 
for noisy or industrial environments. Other applications that 


benefit from these features include analytic medical instru- 
ments, magnetic field detectors, gas detectors, and silicon- 
based transducers. 

A small valued potentiometer is used in series with Rg to set 
the differential gain of the 3 op-amp instrumentation circuit 
in Figure 15. This combination is used instead of one large 
valued potentiometer to increase gain trim accuracy and re- 
duce error due to vibration. 



TL/H/1 1714-29 

FIGURE 15. Low Power 3 Op-Amp Instrumentation Amplifier 

Higher frequency and larger common-mode range applica- 
tions are best facilitated by a three op-amp instrumentation 
amplifier. 


ion 



TL/H/1 1714-30 

FIGURE 16. Low-Power Two-Op-Amp Instrumentation Amplifier 


A 2 op-amp instrumentation amplifier designed for a gain of 
100 is shown in Figure 16. Low sensitivity trimming is made 
for offset voltage, CMRR and gain. Low cost and low power 
consumption are the main advantages of this two op-amp 
circuit. 


! 
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1 1.0 Spice Macromodel 

A spice macromodel is available for the LMC6484. This 
model includes accurate simulation of: 

• input common-mode voltage range 

• frequency and transient response 

• GBW dependence on loading conditions 

• quiescent and dynamic supply current 

• output swing dependence on loading conditions 

and many more characteristics as listed on the macromodel 
disk. 

Contact your local National Semiconductor sales office to 
obtain an operational amplifier spice model library disk. 

Typical Single-Supply Applications 


V+ = 3V 



TL/H/1 1714-31 

FIGURE 17. Half-Wave Rectifier with 
Input Current Protection (Rl) 
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FIGURE 17a. Half-Wave Rectifier Waveform 

The circuit in Figure 17 uses a single supply to half wave 
rectify a sinusoid centered about ground. R| limits current 
into the amplifier caused by the input voltage exceeding the 
supply voltage. Full wave rectification is provided by the cir- 
cuit in Figure 18. 


v+ 



TL/H/1 1714-33 

FIGURE 18. Full Wave Rectifier 
with Input Current Protection (R|) 


\\Z Cp; M 
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FIGURE 18a. Full Wave Rectifier Waveform 


v+ 
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FIGURE 19. Large Compliance Range Current Source 
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Typical Single-Supply Applications (Continued) 



TL/H/1 1714-36 


FIGURE 20. Positive Supply Current Sense 



TL/H/1 1714-37 


FIGURE 21. Low Voltage Peak Detector with Rail-to-Rail Peak Capture Range 

In Figure 21 dielectric absorption and leakage is minimized by using a polystyrene or polyethylene hold capacitor. The droop rate 
is primarily determined by the value of Ch and diode leakage current. The ultra-low input current of the LMC6484 has a 
negligible effect on droop. 



TL/H/1 171 4-38 


FIGURE 22. Rail-to-Rail Sample and Hold 

The LMC6484’s high CMRR (85 dB) allows excellent accuracy throughout the circuit’s rail-to-rail dynamic capture range. 



TL/H/1 171 4-27 


FIGURE 23. Rail-to-Rail Single Supply Low Pass Filter 

The low pass filter circuit in Figure 23 can be used as an anti-aliasing filter with the same voltage supply as the A/D converter. 
Filter designs can also take advantage of the LMC6484 ultra-low input current. The ultra-low input current yields negligible offset 
error even when large value resistors are used. This in turn allows the use of smaller valued capacitors which take less board 
space and cost less. 
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National Semiconductor 


LMC6492 Dual/LMC6494 Quad CMOS Rail-to-Rail 
Input and Output Operational Amplifier 


General Description 

The LMC6492/LMC6494 amplifiers were specifically devel- 
oped for single supply applications that operate from -40°C 
to + 125°C. This feature is well-suited for automotive sys- 
tems because of the wide temperature range. A unique de- 
sign topology enables the LMC6492/LMC6494 common- 
mode voltage range to accommodate input signals beyond 
the rails. This eliminates non-linear output errors due to in- 
put signals exceeding a traditionally limited common-mode 
voltage range. The LMC6492/LMC6494 signal range has a 
high CMRR of 82 dB for excellent accuracy in non-inverting 
circuit configurations. 

The LMC6492/ LMC6494 rail-to-rail input is complemented 
by rail-to-rail output swing. This assures maximum dynamic 
signal range which is particularly important in 5V systems. 
Ultra-low input current of 150 fA and 1 20 dB open loop gain 
provide high accuracy and direct interfacing with high im- 
pedance sources. 


Connection Diagrams 

8-Pln DIP/SO 


Features (Typical unless otherwise noted) 

■ Rail-to-Rail input common-mode voltage range, guaran- 
teed over temperature 

■ Rail-to-Rail output swing within 20 mV of supply rail, 
100 ka load 

■ Operates from 5V to 15V supply 

■ Excellent CMRR and PSRR 82 dB 

■ Ultra low input current 150 fA 

■ High voltage gain (Rl =100 k ft) 120 dB 

■ Low supply current (@ Vs = 5V) 500 jmA/ Amplifier 

■ Low offset voltage drift 1 .0 jnV/°C 

Applications 

■ Automotive transducer amplifier 

■ Pressure sensor 

■ Oxygen sensor 

■ Temperature sensor 

■ Speed sensor 


14-Pin DIP/SO 


Top View 


Ordering Information 


Top View 


Package 

Temperature Range 

Transport 

NSC 

Extended -40°C to + 125°C 

Media 

Drawing 

8-Pin Small Outline 

LMC6492AEM 

LMC6492BEM 

Rails 

M08A 


LMC6492AEMX 

LMC6492BEMX 

Tape and Reel 

8-Pin Molded DIP 

LMC6492AEN 

LMC6492BEN 


N08A 

14-Pin Small Outline 

LMC6494AEM 

LMC6494BEM 


Ml A A 


LMC6494AEMX 

LMC6494BEMX 

Tape and Reel 

Ml 

14-Pin Molded DIP 

LMC6494AEN 

LMC6494BEN 

Rails 

N14A 
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Absolute Maximum Ratings (Note i> 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Operating Conditions (Notei) 


ESD Tolerance (Note 2) 
Differential Input Voltage 
Voltage at Input/Output Pin 
Supply Voltage (V+ -V - ) 
Current at Input Pin 
Current at Output Pin (Note 3) 
Current at Power Supply Pin 
Lead Temp. (Soldering, 10 sec.) 
Storage Temperature Range 
Junction Temperature (Note 4) 


2000V 
± Supply Voltage 
(V+) + 0.3V, (V-) - 0.3V 
16V 
±5 mA 
±30 mA 
40 mA 
260°C 

— 65°C to + 1 50°C 
150°C 


Supply Voltage 
Junction Temperature Range 
LMC6492AE, LMC6492BE 
LMC6494AE, LMC6494BE 
Thermal Resistance (0ja) 

N Package, 8-Pin Molded DIP 
M Package, 8-Pin Surface Mount 
N Package, 14-Pin Molded DIP 
M Package, 1 4-Pin Surface Mount 


2.5V £ V+ £ 15.5V 

-40°C^Tj^ + 1 25°C 
-40°C<£Tj £ + 1 25°C 

108°C/W 
171°C/W 
78°C/W 
1 1 8°C/W 


DC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C, V + = 5V, V~ 
Boldface limits apply at the temperature extremes 


= 0V, Vcm = v 0 = V+/2 and R|_ > 1 Mft. 






LMC6492AE 

LMC6492BE 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LMC6494AE 

Limit 

LMC6494BE 

Limit 

Units 





(Note 6) 

(Note 6) 


Vos 

Input Offset Voltage 


0.11 

3.0 

3.8 

6.0 

6.8 

mV 

max 

TCVos 

Input Offset Voltage 

Average Drift 


1.0 



ju,V/°C 

•b 

Input Bias Current 

(Note 11) 

0.15 

200 

200 

pA max 

•os 

Input Offset Current 

(Note 11) 

0.075 

100 

ioo 

pAmax 

Rin 

Input Resistance 


>10 



Teraft 

Qn 

Common-Mode 





pF 


Input Capacitance 


o 



CMRR 

Common-Mode 

0V ^ V C M ^ 15V 

82 

65 

63 



Rejection Ratio 

V+ = 15V 

60 

58 

dB 



ov ^ v C M ^ 5V 

82 

65 

63 

min 




60 

58 


+ PSRR 

Positive Power Supply 

5V£ V+ ^ 15V, 

82 

65 

63 

dB 


Rejection Ratio 

V 0 = 2.5V 

60 

58 

min 

— PSRR 

Negative Power Supply 

0V ^ V- ^ -10V, 

82 

65 

63 

dB 


Rejection Ratio 

V 0 = 2.5V 

60 

58 

min 

V C M 

Input Common-Mode 

V+ = 5V and 15V 

V- -0.3 

-0.25 

-0.25 

V 


Voltage Range 

For CMRR :> 50 dB 

0 

0 

max 




V+ + 0.3 

V+ + 0.25 

V+ + 0.25 

V 




V+ 

V+ 

min 

A V 

f 

Large Signal Voltage Gain 

R|_ = 2 kHSourcing 

300 



V/mV 



(Note 7) Sinking 

40 



min 

— 
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DC Electrical Characteristics 





Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ = 

5V, V- = OV, V CM = V 0 = 

V+/2 and R l ^ 

i Ma. 

Boldface limits apply at the temperature extremes (Continued) 









LMC6492AE 

LMC6492BE 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LMC6494AE 

Limit 

LMC6494BE 

Limit 

Units 





(Note 6) 

(Note 6) 


Vo 

Output Swing 

V+ = 5 V 

4.9 

4.8 

4.8 

V 



R l = 2 ka to V+/2 

4.7 

4.7 

min 




0.1 

0.18 


V 




0.24 


max 



> 

LO 

II 

+ 

> 

4.7 

4.5 

4.5 

V 



R L = 600atoV+/2 

4.24 

4.24 

min 




0.3 

0.5 

0.5 

V 




0.65 

0.65 

max 



V+ = 15V 

14.7 

14.4 


V 



R L = 2kOtoV+/2 

14.0 

mam 

min 




0.16 

0.35 

HI 

V 




0.5 


max 



V+ = 15V 

14.1 

13.4 

13.4 

V 



R l = 600atoV+/2 

13.0 

13.0 

min 




0.5 

1.0 

1.0 

V 




1.5 

1.5 

max 

•sc 

— ^ 

Output Short Circuit Current 

Sourcing, Vq = OV 

25 

16 

16 





10 

10 



> 

in 

II 

+ 

> 

Sinking, Vo = 5V 

22 

11 

8 ' 

11 

8 

mA 

•sc 

Output Short Circuit Current 

Sourcing, Vq = OV 

30 

28 

28 

min 




20 

20 



V+ = 15V 

Sinking, V 0 = 5V (Note 8) 

30 

30 

30 





22 

22 


•s 

Supply Current 

LMC6492 

1.0 

1.75 

1.75 

mA 



V+ = + 5V, V 0 = V+/2 

2.1 

2.1 

max 



LMC6492 

1.3 

1.95 





V+ = + 1 5V, V Q = V+/2 

2.3 





LMC6494 

2.0 



mA 



V+ = +5V,V 0 = V+/2 



max 



LMC6494 


■ 

■ 




V+ = + 1 5V, V 0 = V + /2 


wM 1 
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AC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ = 5V, 7~ = OV, Vqm = Vo = V+/2 and Rl > 1 MO. 
Boldface limits apply at the temperature extremes 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LMC6492AE 

LMC6494AE 

Limit 
(Note 6) 

LMC6492BE 

LMC6494BE 

Limit 
(Note 6) 

Units 

SR 

Slew Rate 

(Note 9) 

1.3 

0.7 

0.5 

0.7 

0.5 

Vjuls min 

GBW 

Gain-Bandwidth Product 

V+ = 15V 

1.5 



MHz 

4>m 

Phase Margin 


50 



Deg 

Gm 

Gain Margin 


15 



dB 


Amp-to-Amp Isolation 

(Note 10) 

150 



dB 

e n 

Input-Referred 

Voltage Noise 

F = 1 kHz 

V C M = IV 

37 



nV 

JHZ 

•n 

Input-Referred 

Current Noise 

F = 1 kHz 

0.06 



pA 

JHZ 

T.H.D. 

Total Harmonic Distortion 

F = 1 kHz, A v = -2 

R L = 10kft, V 0 = -4.1 Vpp 

0.01 






F = 10 kHz, A v = -2 

R L = 10ktt,V o = 8.5 Vpp 

0.01 



% 


I 1 V+ = 10V I I I I 

Note 1 : Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 

Note 2: Human body model, 1.5 kft in series with 100 pF. 

Note 3: Applies to both single-supply and split-supply operation. Continuous short operation at elevated ambient temperature can result in exceeding the maximum 
allowed junction temperature at 1 50°C. Output currents in excess of ± 30 mA over long term may adversely affect reliability. 

Note 4: The maximum power dissipation is a function of Tj( max ), 0 ja and Ta- The maximum allowable power dissipation at any ambient temperature is Pq = 

(Tj(max) ~ Ta)/0ja- All numbers apply for packages soldered directly into a PC board. 

Note 5: Typical Values represent the most likely parametric norm. 

Note 6: All limits arp guaranteed by testing or statistical analysis. 

Note 7: V+ = 15V, V C m = 7.5V and R L connected to 7.5V. For Sourcing tests, 7.5V <; V 0 <; 11.5V. For Sinking tests, 3.5V <; V 0 £ 7.5 V. 

Note 8: Do not short circuit output to V+, when V+ is greater than 13V or reliability will be adversely affected. 

Note 9: V+ = 15V. Connected as voltage follower with 10V step input. Number specified is the slower of the positive and negative slew rates. ! 

Note 10: Input referred, V+ = 15V and Rl = 100 kH connected to 7.5V. Each amp excited in turn with 1 kHz to produce Vq = 12 Vpp. 

Note 1 1 : Guaranteed limits are dictated by tester limits and not device performance. Actual performance is reflected in the typical value. 

J 

■Jt'; 1 
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Typical Performance Characteristics 

Vs = + 15V, Single Supply, Ta = 25°C unless otherwise specified 


Supply Current vs 
Supply Voltage 
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SUPPLY VOLTAGE (V) 
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Sourcing Current vs 
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Sourcing Current vs 
Output Voltage 



Sinking Current vs 
Output Voltage 



Output Voltage Referenced to V s (V) 


Output Voltage Referenced to V s (V) 


Output Voltage Referenced to GND (V) 


Sinking Current vs 
Output Voltage 



Sinking Current vs 
Output Voltage 
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Output Voltage Swing vs 
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Typical Performance Characteristics 

Vs = +15V, Single Supply, Ta = 25°C unless otherwise specified (Continued) 
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Input Voltage Noise 
vs Input Voltage 
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Typical Performance Characteristics 

Vg = + 15V, Single Supply, Ta = 25°C unless otherwise specified (Continued) 


Input Voltage vs 
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OUTPUT VOLTAGE (V) 


Input Voltage vs 
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Open Loop 
Frequency Response 



0.1 1 10 100 Ik 10k 100k 1M 1 0M 


Open Loop Frequency 
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Typical Performance Characteristics 

Vs = + 15V, Single Supply, Ta = 25°C unless otherwise specified (Continued) 


Non-Inverting Large 
Signal Pulse Response 



Non-Inverting Large 
Signal Pulse Response 



Non-Inverting Small 
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Application Notes 

Input Common-Mode Voltage Range 

Unlike Bi-FET amplifier designs, the LMC6492/4 does not 
exhibit phase inversion when an input voltage exceeds the 
negative supply voltage. Figure 1 shows an input voltage 
exceeding both supplies with no resulting phase inversion 
on the output. 



TL/H/1 2049-8 

FIGURE 1. An Input Voltage Signal Exceeds the 
LMC6492/4 Power Supply Voltages with 
No Output Phase Inversion 

The absolute maximum input voltage is 300 mV beyond ei- 
ther supply rail at room temperature. Voltages greatly ex- 
ceeding this absolute maximum rating, as in Figure 2, can 
cause excessive current to flow in or out of the input pins 
possibly affecting reliability. 


V 1N (±7.5V) 


V 0UT (2V/div) 

0V 



TL/H/1 2049-9 

FIGURE 2. A ±7.5V Input Signal Greatly 
Exceeds the 5V Supply in Figure 3 Causing 
No Phase Inversion Due to R| 

Applications that exceed this rating must externally limit the 
maximum input current to ±5mA with an input resistor (R|) 
as shown in Figure 3. 



TL/H/1 2049- 10 

FIGURE 3. R| Input Current Protection for 
Voltages Exceeding the Supply Voltages 


Rail-To-Rail Output 

The approximate output resistance of the LMC6492/4 is 
1 1 0H sourcing and 80H sinking at V s = 5V. Using the cal- 
culated output resistance, maximum output voltage swing 
can be esitmated as a function of load. 

Compensating for Input Capacitance 

It is quite common to use large values of feedback resist- 
ance for amplifiers with ultra-low input current, like the 
LMC6492/4. 

Although the LMC6492/4 is highly stable over a wide range 
of operating conditions, certain precautions must be met to 
achieve the desired pulse response when a large feedback 
resistor is used. Large feedback resistors with even small 
values of input capacitance, due to transducers, photodi- 
odes, and circuit board parasitics, reduce phase margins. 
When high input impedances are demanded, guarding of 
the LMC6492/4 is suggested. Guarding input lines will not 
only reduce leakage, but lowers stray input capacitance as 
well. (See Printed-Circuit-Board Layout for High Impedance 
Work). 

The effect of input capacitance can be compensated for by 
adding a capacitor, Cf, around the feedback resistors (as in 
Figure 1 ) such that: 

1 1 
2ttR 1 C| N 27rR2Cf 


or 

Rl C|N ^ R2 Cf 

Since it is often difficult to know the exact value of Cin, Cf 
can be experimentally adjusted so that the desired pulse 
response is achieved. Refer to the LMC660 and LMC662 for 
a more detailed discussion on compensating for input ca- 
pacitance. 

c f 

i II — i 


R2 

-vw 



TL/H/1 2049-11 

FIGURE 4. Cancelling the Effect of Input Capacitance 
Capacitive Load Tolerance 

All rail-to-rail output swing operational amplifiers have volt- 
age gain in the output stage. A compensation capacitor is 
normally included in this integrator stage. The frequency lo- 
cation of the dominant pole is affected by the resistive load 
on the amplifier. Capacitive load driving capability can be 
optimized by using an appropriate resistive load in parallel 
with the capacitive load (see Typical Curves). 

Direct capacitive loading will reduce the phase margin of 
many op-amps. A pole in the feedback loop is created by 
the combination of the op-amp’s output impedance and the 
capacitive load. This pole induces phase lag at the unity- 
gain crossover frequency of the amplifier resulting in either 
an oscillatory or underdamped pulse response. With a few 
external components, op amps can easily indirectly drive 
capacitive loads, as shown in Figure 5. 
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Application Notes (Continued) 

+v 



FIGURE 5. LMC6492/4 Noninverting Amplifier, 
Compensated to Handle Capacitive Loads 


Printed-Circuit-Board Layout 
for High-Impedance Work 

It is generally recognized that any circuit which must oper- 
ate with less than 1000 pA of leakage current requires spe- 
cial layout of the PC board. When one wishes to take advan- 
tage of the ultra-low bias current of the LMC6492/4, typical- 
ly 1 50 f A, it is essential to have an excellent layout. Fortu- 
nately, the techniques of obtaining low leakages are quite 
simple. First, the user must not ignore the surface leakage 
of the PC board, even though it may sometimes appear ac- 
ceptably low, because under conditions of high humidity or 
dust or contamination, the surface leakage will be apprecia- 
ble. 


To minimize the effect of any surface leakage, lay out a ring 
of foil completely surrounding the LMC6492/4’s inputs and 
the terminals of components connected to the op-amp’s in- 
puts, as in Figure 6. To have a significant effect, guard rings 
should be placed on both the top and bottom of the PC 
board. This PC foil must then be connected to a voltage 
which is at the same voltage as the amplifier inputs, since 
no leakage current can flow between two points at the same 
potential. For example, a PC board trace-to-pad resistance 
of 10 12 ft, which is normally considered a very large resist- 
ance, could leak 5 pA if the trace were a 5V bus adjacent to 
the pad of the input. 


This would cause a 33 times degradation from the 
LMC6492/4’s actual performance. If a guard ring is used 
and held within 5 mV of the inputs, then the same resist- 
ance of lO 11 ^ will only cause 0.05 pA of leakage current. 
See Figures 7a, 7b, 7c for typical connections of guard rings 
for standard op-amp configurations. 




TL/H/12049-13 

FIGURE 6. Examples of Guard 
Ring in PC Board Layout 


ci 



(a) Inverting Amplifier 


TL/H/ 12049- 14 




TL/H/12049-16 

(c) Follower 

FIGURE 7.Typical Connections of Guard Rings 


The designer should be aware that when it is inappropriate 
to lay out a PC board for the sake of just a few circuits, there 
is another technique which is even better than a guard ring 
on a PC board: Don’t insert the amplifier’s input pin into the 
board at all, but bend it up in the air and use only air as an 
insulator. Air is an excellent insulator. In this case you may 
have to forego some of the advantages of PC board con- 
struction, but the advantages are sometimes well worth 
the effort of using point-to-point up-in-the-air wiring. See 
Figure 8. 


FEEDBACK 

CAPACITOR 



(Input pins are lifted out of PC board and soldered directly to components. 
All other pins connected to PC board). 

FIGURE 8. Air Wiring 
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Application Circuits 

DC Summing Amplifier 
(V|n ^ 0V DC and V 0 ^ V DC ) 


R 

100k 



Where: V 0 = V, + V 2 - V 3 - V 4 

0A + V 2 :> (V 3 + V 4 ) to keep V 0 > 0V DC 


TL/H/12049-18 


High Input Z, DC Differential Amplifier 

R2 

100k 



V °" 1+ R3 (V2 " Vi) 

As shown: Vq = 2(V 2 - Vi) 


Photo Voltaic-Cell Amplifier 

Rf 

1M 



Instrumentation Amplifier 



Vqut R2 + 2R1 R4 

V| N R2 X R3 

.'.Ay ~ 100 for circuit shown (R 2 = 9.3k). 


Rail-to-Rail Single Supply Low Pass Filter 


Cl 



This low-pass filter circuit can be used as an anti-aliasing 
filter with the same supply as the A/D converter. Filter de- 
signs can also take advantage of the LMC6492/4 ultra-low 
input current. The ultra-low input current yields negligible 
offset error even when large value resistors are used. This 
in turn allows the use of smaller valued capacitors which 
take less board space and cost less. 

Low Voltage Peak Detector with 
Rail-to-Rail Peak Capture Range 

20 kn 



Dielectric absorption and leakage is minimized by using a 
polystyrene or polypropylene hold capacitor. The droop rate 
is primarily determined by the value of Ch and diode leak- 
age current. Select low-leakage current diodes to minimize 
drooping. 


i 
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Application Circuits (Continued) 


Pressure Sensor 


STRAIN V REF. 



Vo=( 


R2 

R1 + R2 


Rf = Rx 

R f >> R1.R2, R3, and R4 


_R3_\ R f (R3 + R4) 

R4 + R3/ R3R4 REF 


In a manifold absolute pressure sensor application, a strain 
gauge is mounted on the intake manifold in the engine unit. 
Manifold pressure causes the sensing resistors, R1, R2, R3 
and R4 to change. The resistors change in a way such that 
R2 and R4 increase by the same amount R1 and R3 de- 
crease. This causes a differential voltage between the input 
of the amplifier. The gain of the amplifier is adjusted by Rf. 

Spice Macromodel 

A spice macromodel is available for the LMC6492/4. This 
model includes accurate simulation of: 

• Input common-model voltage range 

• Frequency and transient response 

• GBW dependence on loading conditions 

• Quiescent and dynamic supply current 

• Output swing dependence on loading conditions 

and many other characteristics as listed on the macromodel 
disk. 

Contact your local National Semiconductor sales office to 
obtain an operational amplifier spice model library disk. 
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<v National Semiconductor 

LMC6574 Quad/LMC6572 Dual 

Low Voltage (2.7V and 3V) Operational Amplifier 


General Description 

Low voltage operation and low power dissipation make the 
LMC6574/2 ideal for battery-powered systems. 

3V amplifier performance is backed by 2.7V guarantees to 
ensure operation throughout battery lifetime. These guaran- 
tees also enable analog circuits to operate from the same 
3.3 V supply used for digital logic. 

Battery life is maximized because each amplifier dissipates 
only micro-watts of power. 

The LMC6574/2 does not sacrifice functionality for low volt- 
age operation. The LMC6574/2 generates 1 20 dB of open- 
loop gain just like a conventional amplifier, but the 
LMC6574/2 can do this from a 2.7V supply. 

These amplifiers are designed with features that optimize 
low voltage operation. The output voltage swings rail-to-rail 
to maximize signal-to-noise ratio and dynamic signal range. 
The common-mode input voltage range extends from 
800 mV below the positive supply to 100 mV below ground. 
This device is built with National’s advanced Double-Poly 
Silicon-Gate CMOS process. 


Features (Typical unless otherwise noted) 

■ Guaranteed 2.7 V and 3V Performance 

■ Rail-to-Rail Output Swing (within 5 mV of supply rail, 
100 kH load) 

■ Ultra-Low Supply Current 40 /xA/ Amplifier 

■ Low Cost 

■ Ultra-Low Input Current 20 fA 

■ High Voltage Gain @ V s = 2.7V, R L =100 ka 120 dB 

■ Specified for 1 00 ka and 5 ka loads 

Applications 

■ Transducer Amplifier 

■ Portable or Remote Equipment 

■ Battery-Operated Instruments 

■ Data Acquisition Systems 

■ Medical Instrumentation 

■ Improved Replacement for TLV2322 and TLV2324 


Connection Diagrams 


8-Pin OIP/SO 



TL/H/1 1934-1 

Order Number LMC6572AIN, LMC6572BIN, 
LMC6572AIM or LMC6572BIM 
See NS Package Number N08E or M08A 


Ordering Information 


14-Pln DIP/SO 

INPUT 4' V' INPUT 3" 


OUTPUT 4 INPUT 4 + INPUT 3 + OUTPUT 3 
| 14 13 I 1 2 11 I 1 0 9 I 8 



OUTPUT 1 I INPUT 1 + | INPUT 2 + | OUTPUT 2 
INPUT 1“ V* INPUT T 


TL/H/1 1934-2 

Order Number LMC6574AIN, LMC6574BIN, 
LMC6574AIM or LMC6574BIM 
See NS Package Number N14A or M14A 






Transport 

Media 



8-Pin Molded DIP 

LMC6572AIN, LMC6572BIN 

N08E 

Rail 

8-Pin Small Outline 

LMC6572AIM, LMC6572BIM 

M08A 

Rail 


LMC6572AIMX, LMC6572BIMX 

Tape and Reel 

14-Pin Molded DIP 

LMC6574AIN, LMC6574BIN 

N14A 

Rail 

14-Pin Small Outline 

LMC6574AIM, LMC6574BIM 

M14A 

Rail 


LMC6574AIMX, LMC6574BIMX 

Tape and Reel 
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Absolute Maximum Ratings (Note i> 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

ESD Tolerance (Note 2) 2000V 

Differential Input Voltage ± Supply Voltage 

Voltage at Input/Output Pin (V + ) + 0.3V, 

(V-) -0.3V 

Supply Voltage (V+ - V”) 12V 

Current at Input Pin ±5 mA 

Current at Output Pin (Note 3) ±10 mA 

Current at Power Supply Pin 35 mA 

Lead Temperature (Soldering, 1 0 Seconds) 260°C 

Storage T emperature Range - 65°C to + 1 50°C 

Junction Temperature (Note 4) 1 50°C 


Operating Ratings (Note i> 

Supply Voltage 
Junction Temperature Range 
LMC6572AI, LMC6572BI -4 

LMC6574AI, LMC6574BI -4 

Thermal Resistance (0ja) 

N Package, 8-Pin Molded DIP 
M Package, 8-Pin Surface Mount 
N Package, 14-Pin Molded DIP 
M Package, 14-Pin Surface Mount 


2.7V <; V+ ^ 11V 

-40°C <; Tj <: +85°C 
-40°C <; Tj <; +85°C 

1 1 5°C/W 
1 93°C/W 
81°C/W 
1 26°C/W 


2.7V DC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C. V+ = 2.7V, V - = 0V, Vqm = Vo = V + /2 and R|_ > IMft. 
Boldface limits apply at the temperature extremes. 


LMC6574AI LMC6574BI 
Typ LMC6572AI LMC6572BI 

(Note 5) Limit Limit 

(Note 6) (Note 6) 

3 7 



-0.05 

V 

° 

Max 


Ay Large Signal 

Voltage Gain 


R l = 100 kn 
(Note 7) 


Sourcing 1 000 
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2.7V DC Electrical Characteristics (Continued) 


Unless otherwise specified, all limits guaranteed for Tj = 25°C. V+ = 2.7V, V~ = OV, Vqm = Vo = V+/2 and Rl > IMft. 
Boldface limits apply at the temperature extremes. 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LMC6574AI 

LMC6572AI 

Limit 
(Note 6) 

LMC6574BI 

LMC6572BI 

Limit 
(Note 6) 

Units 

Vo 

Output Swing 

V+ = 2.7V 

2.695 

2.68 

2.65 

V 



R L = 100katoV+/2 


2.66 

2.62 

Min 




0.005 

0.03 

0.06 

V 





0.05 

0.09 

Max 



V+ = 2.7V 

2.66 

2.55 

2.45 

V 



R l = 5kH to V + / 2 


2.45 

2.35 

Min 




0.04 

0.15 

0.25 

V 





0.25 

0.35 

Max 



V+ = 3V 

2.995 

2.98 

2.95 

V 



R l = 100kntoV+/2 


2.96 

2.93 

Min 




0.005 

0.03 

0.06 

V 





0.05 

0.09 

Max 



> 

CO 

II 

+ 

> 

2.96 

2.85 

2.75 

V 



R l = 5katoV + /2 


2.75 

2.65 

Min 




0.04 

0.15 

0.25 

V 





0.25 

0.35 

Max 

•sc 

Output Short 

Sourcing, Vo = OV 

6.0 

4.0 

3.0 

mA 


Circuit Current 



3.0 

2.0 

Min 



Sinking, V 0 = 2.7V 

4.0 

3.0 

2.5 

mA 





2.0 

1.5 

Min 

•s 

Supply Current 

Quad Package 

160 

240 

240 

juA 



V+ = +2.7V, V 0 = V+/2 


280 

280 

Max 



Quad Package 

160 

240 

240 

jaA 



V+ = +3V,V 0 = V+/2 


280 

280 

Max 



Dual Package 

80 

120 

120 

ju,A 



V+ = +2.7V, V 0 = V+/2 


140 

140 

Max 



Dual Package 

80 

120 

120 

juA 



V+ = +3V, V 0 = V+/2 


140 

140 

Max 
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2.7V AC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ = 2.7V, V - = OV, Vcm = v O = V+/2 and Rl > 1 Mft. 
Boldface limits apply at the temperature extremes. 






LMC6574AI 

LMC6574BI 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LMC6572AI 

Limit 

LMC6572BI 

Limit 

Units 





(Note 6) 

(Note 6) 


SR 

Slew Rate 

V+ = 2.7V and 3V 

90 

30 

30 

V/ms 



(Note 8) 


10 

10 

Min 

GBW 

Gain-Bandwidth Product 

> 

CO 

II 

+ 

> 

0.22 



MHz 


Phase Margin 


60 



Deg 

Gm 

Gain Margin 


12 



dB 


Amp-to-Amp Isolation 

(Note 9) 

120 



dB 

©n 

Input-Referred 

F = 1 kHz 

45 



nV/i/Rz 


Voltage Noise 

V CM - IV 




m 

Input-Referred 

Current Noise 

F = 1 kHz 

0.002 



pA/yTiz 

T.H.D. 

Total Harmonic Distortion 

F = 10 kHz, A v = -2 

R l = 10 ka, V 0 = 1.0 Vpp 

0.05 



% 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and test conditions, see the Electrical Characteristics. 

Note 2: Human body model, 1.5 k SI in series with 100 pF. 

Note 3: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. 

Note 4: The maximum power dissipation is a function of Tj(Max). #JA. and Ta- The maximum allowable power dissipation at any ambient temperature is 
Pd = (Tj(Max) - Ta)/#ja- All numbers apply for packages soldered directly into a PC board. 

Note 5: Typical values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: V+ = 3V, V C m = 1.5V and R L connected to 1.5V. For Sourcing tests, 1.5V £ V 0 £ 2.5V. For Sinking tests, 0.5V £ V 0 <; 1.5V. 

Note 8: Connected as Voltage Follower with 1.0V step input. Number specified is the slower of the positive and negative slew rates. 

Note 9: Input referred, V+ = 3V and Rl = 100 kft connected to 1.5V. Each amp excited in turn with 1 KHz to produce Vq = 2 Vpp. 
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Typical Performance Characteristics Vs — +3V, Ta = 25°C, Unless otherwise specified 


Supply Current vs 

Supply Voltage (Dual Package) 



0 2 4 6 8 10 12 

Supply Voltage (V) 


Input Current vs 
Temperature 



0 25 50 75 100 125 150 

Temperature (°C) 


Sinking Current vs 
Output Voltage 



Output Voltage Referenced to GND (V) 


Output Voltage Swing vs 



0 2 4 6 8 10 12 

Supply Voltage (V) 


Crosstalk Rejection vs 
Frequency 



10 100 Ik 10k 100k 


Positive PSRR vs 
Frequency 



10 100 Ik 10k 100k 


Sourcing Current vs 
Output Voltage 



Output Voltage Referenced to V s (V) 


Input Voltage Noise vs 



10 100 Ik 10k 

Frequency (Hz) 


Negative PSRR vs 
Frequency 



10 100 Ik 10k 100k 


Frequency (Hz) 


Frequency (Hz) 


Frequency (Hz) 


CMRR vs Frequency 





r"T 



, 

: L 




: 








- 




- 




- 




: t 








. J 


10 100 Ik 10k 100k 

Frequency (Hz) 


Input Voltage vs 



- 2.0 - 1.5 - 1.0 - 0.5 0 0.5 1.0 1.5 2.0 

Output Voltage (V) 


Open Loop Frequency 
Response 



90 

70 

50 

30 

10 

-10 

-30 


10k 100k 

Frequency (Hz) 


TL/H/1 1934-3 


I 
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Typical Performance Characteristics (continued) v s = + 3 v,t a = 25 °c, unless otherwise Specified 

Open Loop Frequency Maximum Output Swing 

Response vs Temperature vs Frequency Zqut vs Frequency 


Maximum Output Swing 
vs Frequency 


- -40°C- 70 

Mill 5?" 

*ti 50 £ t 

»ctri 30 i i 

a c 10 f 3 

U -.o f 


Ik 10k 100k 1M 

Frequency (Hz) 



1 10 100 
Frequency (kHz) 



100 Ik 10k 100k 1M 

Frequency (Hz) 


Slew Rate 
vs Supply Voltage 


Non-Inverting Large Signal 
Pulse Response 


Non-Inverting Small Signal 
Pulse Response 













Ay - 

+ 1 





- r l - 
V|N = 

1 1 V pp 







1 , 

RISING ^ 





_ 

I 




2 4 6 8 10 12 

Supply Voltage (V) 


Inverting Large Signal 
Pulse Response 




Inverting Small Signal 
Pulse Response 




Stability 

vs Capacitive Load 



-1.5V -1.0V -0.5V 0V 0.5V 1.0V 1.5V 
V 0UT ( V ) 


Stability 

vs Capacitive Load 



1.5 -1.0 -0.5 0 0.5 1.0 1.5 

V 0UT M 


Stability 

vs Capacitive Load 



-1.5 -1.0 -0.5 0 0,5 1.0 1.5 

V 0UT M 


Stability 

vs Capacitive Load 



-1.5 -1.0 -0.5 0 0.5 1.0 1.5 

V 0UT M 

TL/H/1 1934-4 


1-898 



Typical Performance Characteristics (Continued) Vs = + 3V, Ta = 25°C, Unless otherwise specified 
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Applications Hints 

1.0 LOW VOLTAGE AMPLIFIER TOPOLOGY 

The LMC6574/2 incorporates a novel op-amp design topol- 
ogy that enables it to maintain rail-to-rail output swing even 
when driving a large load. Instead of relying on a push-pull 
unity gain output buffer stage, the output stage is taken di- 
rectly from the internal integrator, which provides both low 
output impedance and large gain. Special feed-forward 
compensation design techniques are incorporated to main- 
tain stability over a wider range of operating conditions than 
traditional micropower op-amps. These features make the 
LMC6574/2 both easier to design with, and provide higher 
speed than products typically found in this ultra-low power 
class. 


c f 



FIGURE 1. Cancelling the Effect of Input Capacitance 
3.0 CAPACITIVE LOAD TOLERANCE 


2.0 COMPENSATING FOR INPUT CAPACITANCE 

It is quite common to use large values of feedback resist- 
ance for amplifiers with ultra-low input current, like the 
LMC6574/2. 

Although the LMC6574/2 is highly stable over a wide range 
of operating conditions, a large feedback resistor will react 
even with small values of capacitance at the input of the op- 
amp to reduce phase margin. The capacitance at the input 
of the op-amp comes from transducers, photodiodes and 
circuit board parasitics. 

The effect of input capacitance can be compensated for by 
adding a capacitor, Cf, around the feedback resistors (as in 
Figure 1 ) such that: 

1 1 
27tRiC|n 27rR 2 Cf 
or 

Rl C| N £ R 2 C f 

Since it is often difficult to know the exact value of C|n, Cf 
can be experimentally adjusted so that the desired pulse 
response is achieved. Refer to the LMC660 and LMC662 for 
a more detailed discussion on compensating for input ca- 
pacitance. 

When high input impedances are demanded, guarding of 
the LMC6574/2 is suggested. Guarding input lines will not 
only reduce leakage, but lowers stray input capacitance as 
well. (See Printed-Circuit-Board Layout for High Impedance 
Work). 


Direct capacitive loading will reduce the phase margin of 
many op-amps. A pole in the feedback loop is created by 
the combination of the op-amp’s output impedance and the 
capacitive load. This pole induces phase lag at the unity- 
gain crossover frequency of the amplifier resulting in either 
an oscillatory or underdamped pulse response. With a few 
external components, op amps can easily indirectly drive 
capacitive loads, as shown in Figure 2 : 

+v 



FIGURE 2. LMC6574/2 Noninverting Gain of 10 
Amplifier, Compensated to Handle Capacitive Loads 

In the circuit of Figure 2, Rl and Cl serve to counteract the 
loss of phase margin by feeding the high frequency compo- 
nent of the output signal back to the amplifier’s inverting 
input, thereby preserving phase margin in the overall feed- 
back loop. 
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Applications Hints (Continued) 


4.0 PRINTED-CIRCUIT-BOARD LAYOUT 
FOR HIGH-IMPEDANCE WORK 


It is generally recognized that any circuit which must oper- 
ate with less than 1000 pA of leakage current requires spe- 
cial layout of the PC board. When one wishes to take advan- 
tage of the ultra-low bias current of the LMC6574/2, typical- 
ly less than 20 f A, it is essential to have an excellent layout. 
Fortunately, the techniques of obtaining low leakages are 
quite simple. First, the user must not ignore the surface 
leakage of the PC board, even though it may sometimes 
appear acceptably low, because under conditions of high 
humidity or dust or contamination, the surface leakage will 
be appreciable. 

To minimize the effect of any surface leakage, lay out a ring 
of foil completely surrounding the LMC6574/2’s inputs and 
the terminals of capacitors, diodes, conductors, resistors, 
relay terminals, etc. connected to the op-amp’s inputs, as in 
Figure 3. To have a significant effect, guard rings should be 
placed on both the top and bottom of the PC board. This PC 
foil must then be connected to a voltage which is at the 
same voltage as the amplifier inputs, since no leakage cur- 
rent can flow between two points at the same potential. For 
example, a PC board trace-to-pad resistance of 10 12 ft, 
which is normally considered a very large resistance, could 
leak 5 pA if the trace were a 5 V bus adjacent to the pad of 
the input. This would cause a 250 times degradation from 
the LMC6574/2’s actual performance. However, if a guard 
ring is held within 5 mV of the inputs, then even a resistance 
of 10H ft would cause only 0.05 pA of leakage current. See 
Figures 4a, 4b, 4c for typical connections of guard rings for 
standard op-amp configurations. 



TL/H/1 1934-8 

FIGURE 3. Example of Guard Ring in P.C. Board Layout 


ci 



(a) Inverting Amplifier 


R2 




FIGURE 4. Typical Connections of Guard Rings 

The designer should be aware that when it is inappropriate 
to lay out a PC board for the sake of just a few circuits, there 
is another technique which is even better than a guard ring 
on a PC board: Don’t insert the amplifier’s input pin into the 
board at all, but bend it up in the air and use only air as an 
insulator. Air is an excellent insulator. In this case you may 
have to forego some of the advantages of PC board con- 
struction, but the advantages are sometimes well worth 
the effort of using point-to-point up-in-the-air wiring. See 
Figure 5. 


FEEDBACK 

CAPACITOR 



(Input pins are lifted out of PC board and soldered directly to components. 
All other pins connected to PC board). 


FIGURE 5. Air Wiring 
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Applications Hints (Continued) 

5.0 SPICE MACROMODEL 

A spice macromodel is available for the LMC6574/2. This 
model includes accurate simulation of: 

• input common-mode voltage range 

• frequency and transient response 

• GBW dependence on loading conditions 

• quiescent and dynamic supply current 

• output swing dependence on loading conditions 

and many more characteristics as listed on the macromodel 
disk. 

Contact your local National Semiconductor sales office to 
obtain an operational amplifier spice model library disk. 

Typical Single-Supply Applications 

ion 


R4 



TL/H/1 1934-15 

FIGURE 8. 1 Hz Square Wave Oscillator 



TL/H/1 1934-17 

FIGURE 10. Low Pass Filter 
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National Semiconductor 


LMC6582 Dual/LMC6584 Quad 

Low Voltage, Rail-To-Rail Input 

and Output CMOS Operational Amplifier 


PRELIMINARY 



General Description 

The LMC6582/4 is a high performance operational amplifier 
which can operate over a wide range of supply voltages, 
from 1 .8V to 10V. It has guaranteed specs at 1 .8V, 2.2V, 3V, 
5V, and 10V. 

The LMC6582/4 provides an input common-mode voltage 
range that exceeds both rails. The rail-to-rail output swing of 
the amplifier assures maximum dynamic signal range. This 
rail-to-rail performance of the amplifier, combined with its 
high open-loop voltage gain makes it unique among rail-to- 
rail CMOS amplifiers. The LMC6582/4 is an excellent up- 
grade for circuits using limited common-mode range amplifi- 
ers. 

The LMC6582/4 has been designed specifically to improve 
system performance in low voltage applications. Guaran- 
teed operation down to 1 .8V means that this family of ampli- 
fiers can operate at the end of discharge (EOD) voltages of 
several popular batteries. The amplifier’s 80 fA input cur- 
rent, 0.5 mV offset voltage, and 82 dB CMRR maintain ac- 
curacy in battery-powered systems. 

For a single, dual or quad CMOS amplifier with similar specs 
and a powerdown mode, refer to the LMC6681 /2/4 data- 
sheet. 


Features (Typical unless otherwise noted) 

■ Guaranteed Specs at 1.8V, 2.2V, 3V, 5V, 10V 

■ Rail-to-Rail Input Common-Mode Voltage Range 

■ Rail-to-Rail Output Swing 

(within 10 mV of supply rail, @ V$ = 3 V and Rl = 10 kH) 


■ CMRR and PSRR 82 dB 

■ Ultra Low Input Current 80 fA 

■ High Voltage Gain (V s = 3V, R L = 10 kft) 120 dB 

■ Unity Gain Bandwidth 1.2 MHz 


Applications 

■ Battery Operated Systems 

■ Sensor Amplifiers 

■ Portable Communication Devices 

■ Medical Instrumentation 

■ Level Detectors, Sample-and-Hold Circuits 

■ Battery Monitoring 


Connection Diagrams 


8-Pin DIP/SO 



Top View 


TL/H/ 12041-1 


14-Pin DIP/SO 



Top View 

Ordering Information 


Package 

Temperature Range 
Industrial, -40°Cto + 85°C 

NSC 

Drawing 

Transport 

Media 

8-pin Molded DIP 

LMC6582AIN, LMC6582BIN 

N08E 

Rails 

8-pin Small Outline 

LMC6582AIM, LMC6582BIM 
LMC6582AIMX, LMC6582BIMX 

M08A 

M08A 

Rails 

Tape and Reel 

14-pin Molded DIP 

LMC6584AIN, LMC6584BIN 

N14A 

Rails 

14-pin Small Outline 

LMC6584AIM, LMC6584BIM 
LMC6584AIMX, LMC6584BIMX 

M14A 

M14A 

Rails 

Tape and Reel 
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National Semiconductor 


PRELIMINARY 


LMC6681 Single/LMC6682 Dual/LMC6684 Quad 
Low Voltage, Rail-To-Rail Input and Output CMOS 
Amplifier with Powerdown 


General Description 

The LMC6681 /2/4 is a high performance operational ampli- 
fier which can operate over a wide range of supply voltages, 
from 1 .8 V to 1 0V. It has guaranteed specs at 1 .8V, 2.2V, 3V, 
5V, and 10V. 

The LMC6681/2/4 provides an input common-mode volt- 
age range that exceeds both rails. The rail-to-rail output 
swing of the amplifier assures maximum dynamic signal 
range. This rail-to-rail performance of the amplifier, com- 
bined with its high open-loop voltage gain makes it unique 
among CMOS rail-to-rail amplifiers. The LMC668 1/2/4 is an 
excellent upgrade for circuits using limited common-mode 
range amplifiers. 

The LMC6681/2/4 has a powerdown mode which can be 
triggered externally. In this powerdown mode, the supply 
current decreases from 1 .4 mA (for two amplfiers) to 1 .5 jaA 
(for two amplifiers). The LMC6684 has two powerdown op- 
tions. Each of the powerdown pins disables two amplifiers. 
The LMC6681/2/4 has been designed specifically to im- 
prove system performance in low voltage applications. The 
amplifier’s 80 fA input current, 0.5 mV offset voltage, and 
82 dB CMRR maintain accuracy in battery-powered sys- 
tems. 


Features (Typical unless otherwise noted) 

■ Guaranteed Specs at 1.8V, 2.2 V, 3V, 5V, 10V 

■ Rail-to-Rail Input Common-Mode Voltage Range 

■ Rail-to-Rail Output Swing 

(within 10 mV of supply rail, @ Vs = 3V and R|_=10 kfl) 

■ Powerdown Mode Is OFF ^ 1-5 jaA/ Amplifier 

(Guaranteed at V s = 1.8V, 2.2V, 3V, and 5 V) 

■ Ultra Low Input Current 80 fA 

■ High Voltage Gain (V s = 3V, R L = 10 kH) 120 dB 

■ Unity Gain Bandwidth 1.2 MHz 

Applications 

■ Battery Operated Circuits 

■ Sensor Amplifiers 

■ Portable Communication Devices 

■ Medical Instrumentation 

■ Battery Monitoring Circuits 

■ Level Detectors, Sample-and-Hold Circuits 


Connection Diagrams 

8-Pin DIP/SO 



Ordering Information 


14-Pin DIP/SO 



16-Pin DIP/SO 



Package 

Temperature Range 
Industrial, -40°Cto + 85°C 

NSC 

Drawing 

Transport 

Media 

8-Pin Molded DIP 

LMC6681 AIN, LMC6681BIN 

N08E 

Rails 

8-Pin Small Outline 

LMC6681 AIM, LMC6681BIM 
LMC6681 AIMX, LMC6681B1MX 

M08A 

M08A 

Rails 

Tape and Reel 

14-Pin Molded DIP 

LMC6682AIN, LMC6682BIN 

N14A 

Rails 

14-Pin Small Outline 

LMC6682AIM, LMC6682BIM 
LMC6682AIMX, LMC6682BIMX 

M14A 

M14A 

Rails 

Tape and Reel 

16-Pin Molded DIP 

LMC6684AIN, LMC6684BIN 

N16A 

Rails 

16-Pin Small Outline 

LMC6684AIM, LMC6684BIM 
LMC6684AIMX, LMC6684BIMX 

M16A 

M16A 

Rails 

Tape and Reel 


-OUT D 
-IN D" 
-IN D + 
-PDA 
-V“ 

-IN C + 
-IN C" 
-OUT C 


Top View 


TL/H/ 12042-3 
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National Semiconductor 


LMC7101 Tiny Low Power Operational Amplifier 
with Rail-To-Rail Input and Output 


General Description 

The LMC7101 is a high performance CMOS operational am- 
plifier available in the space saving SOT 23-5 Tiny package. 
This makes the LMC7101 ideal for space and weight critical 
designs. The performance is similar to a single amplifier of 
the LMC6482/4 type, with rail-to-rail input and output, high 
open loop gain, low distortion, and low supply currents. 

The main benefits of the Tiny package are most apparent in 
small portable electronic devices, such as mobile phones, 
pagers, notebook computers, personal digital assistants, 
and PCMCIA cards. The tiny amplifiers can be placed on a 
board where they are needed, simplifying board layout. 


Features 

■ Tiny SOT23-5 package saves space — typical circuit lay- 
outs take half the space of SO-8 designs 

■ Guaranteed specs at 2.7V, 3V, 5V, 1 5V supplies 

■ Typical supply current 0.5 mA at 5 V 

■ Typical total harmonic distortion of 0.01% at 5V 

■ 1.0 MHz gain-bandwidth 

■ Similar to popular LMC6482/4 

■ Input common-mode range includes V" and V+ 

■ Tiny package outside dimensions — 120 x 118 x 56 mils, 
3.05 x 3.00 x 1 .43 mm 

Applications 

■ Mobile communications 

■ Notebooks and PDAs 

■ Battery powered products 

■ Sensor interface 


Connection Diagrams 

8-Pin DIP 5-Pin SOT23-5 




Package 

Ordering Information 

NSC Drawing Number 

Package Marking 

Supplied As 

8-Pin DIP 

LMC7101AIN 

N08E 

LMC7101 AIN 

Rails 

8-Pin DIP 

LMC7101BIN 

N08E 

LMC7101BIN 

Rails 

5-Pin SOT 23-5 

LMC7101AIM5 

MA05A 

A00A 

250 Units on Tape and Reel 

5-Pin SOT 23-5 

LMC7101BIM5 

MA05A 

A00B 

250 Units on Tape and Reel 

5-Pin SOT 23-5 

LMC7101AIM5X 

MA05A 

A00A 

3k Units Tape and Reel 

5-Pin SOT 23-5 

LMC7101BIM5X 

MA05A 

A00B 

3k Units Tape and Reel 
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Absolute Maximum Ratings (Note d 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

ESD Tolerance (Note 2) 2000V 

Difference Input Voltage + Supply Voltage 

Voltage at Input/Output Pin (V+) + 0.3V, (V~) - 0.3V 
Supply Voltage (V+ - V~) 16V 

Current at Input Pin 15 mA 

Current at Output Pin (Note 3) ± 35 mA 

Current at Power Supply Pin 35 mA 

Lead T emp. (Soldering, 1 0 sec.) 260°C 

Storage Temperature Range - 65°C to + 1 50°C 

Junction Temperature (Note 4) 1 50°C 


2.7V Electrical Characteristics Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ = 2.7V, 
V- = OV, Vqm = Vq = V+/2 and R|_ > 1 Mft. Boldface limits apply at the temperature extremes. 


Symbol 

Parameter 

Conditions 

! 

Typ 

(Note 5) 

LMC7101AI 
Limit 
(Note 6) 

LMC7101BI 
Limit 
(Note 6) 

Units 

Vos 

Input Offset Voltage 

V+ = 2.7 V 

0.11 

6 

9 

mV 

max 

TCVos 

Input Offset Voltage 
Average Drift 


1 



julV/°C 

Ib 

Input Bias Current 


1.0 

64 

64 

pA max 


Input Offset Current 


0.5 

32 

32 

pA max 

mmm 

Input Resistance 


>1 



Tera ft 

B 

Common-Mode 

Rejection Ratio 

0V ^ V CM ^ 2.7V 

V+ = 2.7 V 

70 

55 

50 

dB 

min 

VCM 

Input Common-Mode 
Voltage Range 

V+ = V 

For CMRR ^ 50 dB 

0.0 

0.0 

0.0 

V 

min 

3.0 

2.7 

2.7 

V 

max 

PSRR 

Power Supply 

Rejection Ratio 

V+ = 1.35 V to 1.65 V 

V- = -1.35V to -1.65V 
V CM = 0 

60 

50 

45 

dB 

min 


Common-Mode Input 
Capacitance 


3 



PF 

V 0 

Output Swing 

R l = 2 kft 

2.45 

2.15 

2.15 

V min 

0.25 

0.5 

0.5 

V max 

R L = 10 kfl 

2.68 

2.64 

2.64 

V min 

0.025 

0.06 

0.06 

V max 

Is 

Supply Current 


0.5 

0.81 

0.95 

0.81 

0.95 

mA 

max 

SR 

Slew Rate 

(Note 8) 

0.7 



V/jLlS 

GBW 

Gain-Bandwidth Product 


0.6 



MHz 


Recommended Operating 
Conditions (Note i) 

Supply Voltage 2.7V sV+s 15.5V 

Junction Temperature Range 
LMC7101AI, LMC7101BI -40°C ^ T j £ +85°C 

Thermal Resistance (0 ja) 

N Package, 8-Pin Molded DIP 1 1 5°C/W 

M05A Package, 5-Pin Surface Mt. 325°C/W 
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LMC7101 


3V DC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Tj == 25°C, V+ = 
3V, V - = OV, Vqm = 1-5V, Vq = V+/2 and R|_ = 1 MH. Boldface limits apply at the temperature extremes. 


Symbol 

Parameter 

Conditions 

Typ 

(Note S) 

LMC7101AI 
Limit 
(Note 6) 

LMC7101BI 
Limit 
(Note 6) 

Units 

Vos 

Input Offset Voltage 


0.11 

4 

6 

7 

9 

mV 

max 

TCVqs 

Input Offset Voltage 
Average Drift 


1 



juV/°C 

•b 

Input Current 


1.0 

64 

64 

pA max 

•os 

Input Offset Current 


0.5 

32 

32 

pA max 

Rin 

Input Resistance 


>1 



Teraft 

CMRR 

Common-Mode 
Rejection Ratio 

0V i V C M ^ 3V 

V+ = 3 V 


64 

60 

db 

min 

VCM 

Input Common-Mode 
Voltage Range 

For CMRR ^ 50 dB 

0.0 

0.0 

0.0 

V 

min 

3.3 

3.0 

3.0 

V 

max 

PSRR 

Power Supply 

Rejection Ratio 

V+ = 1.5V to 7.5V 

V- = -1.5V to -7.5V 

V 0 = V CM = 0 

80 

68 

60 

dB 

min 

C|N 

Common-Mode Input 
Capacitance 


3 



PF 

v O 

Output Swing 

R L = 2 kH 

2.8 

2.6 

2.6 

V min 

0.2 

0.4 

0.4 

V max 

R|_ = 600H 

2.7 

2.5 

2.5 

V min 

0.37 


0.6 

V max 

•s 

Supply Current 


0.5 

0.81 

0.95 

0.81 

0.95 

mA 

max 
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5V DC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ = 
5V, V~ = OV, Vcm = 1.5V, Vq = V+/2 and Rl = 1 MH. Boldface limits apply at the temperature extremes. 





Typ 

(Note 5) 

LMC7101AI 

LMC7101BI 


Symbol 

Parameter 

Conditions 

Limit 
(Note 6) 

Limit 
(Note 6) 

Units 

Vos 

Input Offset Voltage 

V+ = 5V 

0.11 

3 

5 

7 

9 

mV 

max 

TCVos 

Input Offset Voltage 
Average Drift 


1.0 



julV/°C 

•b 

Input Current 


1 

64 

64 

pA max 

•os 

Input Offset Current 


0.5 

32 

32 

pA max 

Rin 

Input Resistance 


>1 



Tera 17 

CMRR 

Common-Mode 

ov ^ v C M ^ 5V 

82 

65 

60 

db 


Rejection Ratio 


60 

55 

min 

+ PSRR 

Positive Power Supply 

V+ = 5 V to 1 5V 

82 

70 

65 

dB 


Rejection Ratio 

V- = OV, V 0 = 1.5V 

65 

62 

min 

— PSRR 

Negative Power Supply 

V- = — 5V to -15V 

82 

70 

65 

dB 


Rejection Ratio 

V+ = OV, V 0 = -1.5V 

65 

62 

min 

Vcm 

Input Common-Mode 
Voltage Range 

For CMRR ;> 50 dB 

-0.3 

-0.20 

0.00 

-0.20 

0.00 

V 

min 




5.3 

5.20 

5.20 

V 




5.00 

5.00 

max 

C|N 

Common-Mode 


q 



PF 


Input Capacitance 


o 



Vo 

Output Swing 

R l = 2 kH 

4.9 

4.7 

4.7 

V 




4.6 

4.6 

min 




0.1 

0.18 

0.18 

V 




0.24 

0.24 

max 



Rj_ = 60017 

4.7 

4.5 

4.5 

V 




4.24 

4.24 

min 




0.3 

0.5 

0.5 

V 




0.65 

0.65 

max 

•sc 

Output Short Circuit 

Sourcing, Vq = OV 

24 

16 

16 

mA 


Current 


11 

11 

min 



Sinking, Vq = 5V 

19 

11 

11 

mA 




7.5 

7.5 

min 

•s 

Supply Current 


0.5 

0.85 

0.85 

mA 




1.0 

1.0 

max 
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5V AC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ = 

5V, V - = 0V, Vqm = 1.5V, Vq = V+/2 and Rl = 1 MU. Boldface limits apply at the temperature extremes. 

Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LMC7101AI 

Limit 
(Note 6) 

LMC7101BI 

Limit 
(Note 6) 

Units 

T.H.D. 

Total Harmonic 

Distortion 

F = 10 kHz, A v = -2 

R l = 10 ka, V 0 = 4.0 V PP 

0.01 



% 

SR 

Slew Rate 


1.0 



| ■ 

GBW 

Gain_Bandwidth Product 


1.0 



| ■ 

15V DC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ = 

15V, V~ = 0V, Vcm = 1-5V, Vq = V+/2 and R|_ = 1 Mft. Boldface limits apply at the temperature extremes. 

Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LMC7101AI 

Limit 
(Note 6) 

LMC7101BI 

Limit 
(Note 6) 

Units 

Vos 

Input Offset Voltage 


0.11 



mV max 

TCVos 

Input Offset Voltage 
Average Drift 


1.0 



p,V/°C 

•b 

Input Current 


1.0 

64 

64 

pA max 

•os 

Input Offset Current 


0.5 

32 

32 


Rin 

Input Resistance 


>1 



Teraft 

CMRR 

Common-Mode 

Rejection Ratio 

ov ^ v C M ^ 15V 

82 

70 

65 

65 

60 

dB 

min 

+ PSRR 

Positive Power Supply 
Rejection Ratio 

V+ = 5V to 1 5V 

V- = 0V, Vq = 1.5V 

82 

70 

65 

65 

62 

dB 

min 

— PSRR 

Negative Power Supply 
Rejection Ratio 

V- = — 5V to -15V 

V+ = 0V, Vq = -1.5V 

82 

70 

65 

65 

62 

dB 

min 

Vcm 

Input Common-Mode 
Voltage Range 

V+ = 5V 

For CMRR ;> 50 dB 

-0.3 


■ 

V 

min 




V 

max 

Av 

Large Signal 

Voltage Gain 

Rl = 2 kft Sourcing 
(Note 7) 

Sinking 

340 

24 

80 

40 

15 

10 

80 

40 

15 

10 

V/mV 

Rl = 600ft Sourcing 
(Note 7) Sinking 


34 

6 

34 

6 


C|N 

Input Capacitance 


3 



PF 

Vo 

Output Swing 

V+ = 15V 

R l = 2 kfl 




V 

min 




V 

max 

V+ = 15V 

Rl = 600!! 

14.1 

13.4 

13.0 


V 

min 

0.5 



V 

max 

■sc 

Output Short Circuit 
Current 

Sourcing, Vq = 0V 
(Note 9) 

50 


■ 

mA 

min 

Sinking, Vo = 12V 
(Note 9) 

50 


— 

mA 

min 

•s 

Supply Current 

i 

0.8 

1.50 

1.71 

1.50 

1.71 

mA 

max 

1 
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15V AC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ = 
15V, V - = OV, Vcm = 1.5V, Vq = V+/2 and Rl = 1 Mft. Boldface limits apply at the temperature extremes. 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LMC7101AI 

Limit 
(Note 6) 

LMC7101BI 

Limit 
(Note 6) 

Units 

SR 

Slew Rate 

V + = 15V 
(Note 8) 

1.1 

0.5 

0.4 

0.5 

0.4 

V/jU,S 

min 


Gain-Bandwidth Product 

V+ = 15V 

1.1 



MHz 


Phase Margin 


45 



Deg 

KIM 

Gain Margin 


10 




e n 

Input-Referred 

Voltage Noise 

F = 1 kHz 

Vcm = IV 

37 




•n 

Input-Referred 

Current Noise 

F = 1 kHz 

1.5 



fA 

VR7 

T.H.D. 

Total Harmonic Distortion 

F = 10 kHz, A v = -2 

R l = lOkft, V 0 = 8.5 Vpp 

0.01 



D 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 
Note 2: Human body model, 1.5 kfl in series with 100 pF. 

Note 3: Applies to both single-supply and split-supply operation. Continuous short operation at elevated ambient temperature can result in exceeding the maximum 
allowed junction temperature at 1 50°C. 

Note 4: The maximum power dissipation is a function of Tj(max). #ja and Ta- The maximum allowable power dissipation at any ambient temperature is PD = 
(Tj(max) _ T a )/0j A . All numbers apply for packages soldered directly into a PC board. 

Note 5: Typical Values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: V+ = 15V, V CM = 1.5V and R L connect to 7.5V. For Sourcing tests, 7.5V <; V 0 ^ 12.5V. For Sinking tests, 2.5V <£ V 0 <; 7.5V. 

Note 8: V+ = 15V. Connected as a Voltage Follower with a 10V step input. Number specified is the slower of the positive and negative slew rates. Rl = 100 kft 
connected to 7.5V. Amp excited with 1 kHz to produce Vq = 10 Vpp. 

Note 9: Do not short circuit output to V+ when V+ is greater than 12V or reliability will be adversely affected. 


r 


i 
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Typical Performance Characteristics Vs — + 2.7V, Single Supply, Ta =, 25°C unless specified 


2.7V PERFORMANCE 


Open Loop 

Frequency Response (2.7V) 



Frequency (Hz) 


Input Voltage vs 



-1.5 -1 -0.5 0 0.5 1 1.5 

Output Voltage (V) 


Gain and Phase vs 
Capacitance Load (2.7V) 



10k 100k 1M 10M 

Frequency (Hz) 


Gain and Phase vs 
Capacitance Load (2.7V) 



dV 0 s vs 



10k 100k 1M 10M 


3 3.5 4 4.5 5 


Frequency (Hz) 


Supply Voltage (V) 


dVos vs Common 
Mode Voltage (2.7V) 



Common Mode Voltage (V) 


Sinking Current vs 
Output Voltage (2.7V) 
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Sourcing Current vs 
Output Voltage (2.7V) 
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Output Voltage (V) 
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1 0.01 0.1 1 

Output Voltage Referenced to V s 


0.001 0.01 0.1 1 1 ' 

Output Voltage Referenced to GND 








Vc 

= ±2.5V 







F 

= 10 kHz 
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CMRR vs Input Voltage (15V) 
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Typical Performance Characteristics 

Vs = + 15V, Single Supply, Ta = 25°C unless specified (Continued) 


CMRR vs Frequency 



Open Loop Frequency 
Response @ -40°C 
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Slew Rate vs 
Temperature 
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Supply Voltage 
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Inverting Small Signal 
Pulse Response 
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Typical Performance Characteristics 

Vs = + 15V, Single Supply, Ta = 25°C unless specified (Continued) 


Inverting Small Signal 
Pulse Response 
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Stability vs 
Capacitive Load 
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Application Information 

1.0 Benefits of the LMC7101 
Tiny Amp 

Size. The small footprint of the SOT 23-5 packaged Tiny 
amp, (0.120 x 0.118 inches, 3.05 x 3.00 mm) saves space 
on printed circuit boards, and enable the design of smaller 
electronic products. Because they are easier to carry, many 
customers prefer smaller and lighter products. 

Height. The height (0.056 inches, 1 .43 mm) of the Tiny amp 
makes it possible to use it in PCMCIA type III cards. 

Signal Integrity. Signals can pick up noise between the 
signal source and the amplifier. By using a physically small- 
er amplifier package, the Tiny amp can be placed closer to 
the signal source, reducing noise pickup and increasing sig- 
nal integrity. The Tiny amp can also be placed next to the 
signal destination, such as a buffer for the reference of an 
analog to digital converter. 

Simplified Board Layout. The Tiny amp can simplify board 
layout in several ways. First, by placing an amp where amps 
are needed, instead of routing signals to a dual or quad 
device, long pc traces may be avoided. 

By using multiple Tiny amps instead of duals or quads, com- 
plex signal routing and possibly crosstalk can be reduced. 
DIPs available for prototyping. LMC7101 amplifiers pack- 
aged in conventional 8-pin dip packages can be used for 
prototyping and evaluation without the need to use surface 
mounting in early project stages. 

Tapes of ten for prototyping. The SOT23-5 packaged de- 
vices are available in convenient and economical ten unit 
tapes for prototypes, evaluation, and small production runs. 
Low THD. The high open loop gain of the LMC7101 amp 
allows it to achieve very low audio distortion — typically 
0.01% at 10 kHz with a 10 kH load at 5V supplies. This 
makes the Tiny an excellent for audio, modems, and low 
frequency signal processing. 

Low Supply Current. The typical 0.5 mA supply current of 
the LMC7101 extends battery life in portable applications, 
and may allow the reduction of the size of batteries in some 
applications. 

Wide Voltage Range. The LMC7101 is characterized at 
15V, 5V and 3V. Performance data is provided at these pop- 
ular voltages. This wide voltage range makes the LMC7101 
a good choice for devices where the voltage may vary over 
the life of the batteries. 

2.0 Input Common Mode 
Voltage Range 

The LMC7101 does not exhibit phase inversion when an 
input voltage exceeds the negative supply voltage. Figure 1 
shows an input voltage exceeding both supplies with no re- 
sulting phase inversion of the output. 

The absolute maximum input voltage is 300 mV beyond ei- 
ther rail at room temperature. Voltages greatly exceeding 
this maximum rating, as in Figure 2 , can cause excessive 
current to flow in or out of the input pins, adversely affecting 
reliability. 



TL/H/11991-8 

FIGURE 1. An Input Voltage Signal Exceeds the 
LMC7101 Power Supply Voltages with 
No Output Phase Inversion 


Vm (±7.5 V) 


VoUT (1 V/div) 
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FIGURE 2. A ± 7.5V Input Signal Greatly 
Exceeds the 3V Supply in Figure 3 Causing 
No Phase Inversion Due to R| 


Applications that exceed this rating must externally limit the 
maximum input current to ±5 mA with an input resistor as 
shown in Figure 3 . 



FIGURE 3. R| Input Current Protection for 
Voltages Exceeding the Supply Voltage 


3.0 Rail-To-Rail Output 

The approximate output resistance of the LMC7101 is 18011 
sourcing and 13011 sinking at Vs = 3 V and 11011 sourcing 
and 8011 sinking at Vs = 5V. Using the calculated output 
resistance, maximum output voltage swing can be estimat- 
ed as a function of load. 
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4.0 Capacitive Load Tolerance 

The LMC7101 can typically directly drive a 100 pF load with 
Vs = 15V at unity gain without oscillating. The unity gain 
follower is the most sensitive configuration. Direct capaci- 
tive loading reduces the phase margin of op-amps. The 
combination of the op-amp’s output impedance and the ca- 
pacitive load induces phase lag. This results in either an 
underdamped pulse response or oscillation. 

Capacitive load compensation can be accomplished using 
resistive isolation as shown in Figure 4. This simple tech- 
nique is useful for isolating the capacitive input of multiplex- 
ers and A/D converters. 
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FIGURE 4. Resistive Isolation 
of a 330 pF Capacitive Load 

5.0 Compensating for Input 
Capacitance when Using Large 
Value Feedback Resistors 

When using very large value feedback resistors, (usually 
> 500 kft) the large feed back resistance can react with the 
input capacitance due to transducers, photodiodes, and cir- 
cuit board parasitics to reduce phase margins. 


The effect of input capacitance can be compensated for by 
adding a feedback capacitor. The feedback capacitor (as in 
Figure 5), Cf is first estimated by: 

1 1 
27rR-| C|n 27rR2Cf 

or 

Rl Cin ^ R2 Cf 

which typically provides significant overcompensation. 
Printed circuit board stray capacitance may be larger or 
smaller than that of a breadboard, so the actual optimum 
value for Cp may be different. The values of Cp should be 
checked on the actual circuit. (Refer to the LMC660 quad 
CMOS amplifier data sheet for a more detailed discussion.) 


Cf 



FIGURE 5. Cancelling the Effect of Input Capacitance 
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SOT-23-5 Tape and Reel Specification 

TAPE FORMAT 


Tape Section 

# Cavities 

Cavity Status 

Cover Tape Status 

Leader 

0 (min) 

Empty 

Sealed 

(Start End) 

75 (min) 

Empty 

Sealed 

Carrier 

3000 

Filled 

Sealed 

250 

Filled 

Sealed 

Trailer 

125 (min) 

Empty 

Sealed 

(Hub End) 

0 (min) 

Empty 

Sealed 


TAPE DIMENSIONS 





TL/H/11991-13 


8 mm 

0.130 

(3.3) 

0.124 

(3.15) 

0.130 

(3.3) 

0.126 

(3.2) 

0.138 ±0.002 
(3.5 ±0.05) 

0.055 ±0.004 
(1.4 ±0.11) 

0.157 

(4) 

0.315 ±0.012 
(8 ±0.3) 

Tape Size 

DIMA 

DIMAo 

DIMB 

DIM Bo 

DIM F 

DIM Ko 

DIM PI 

DIM W 
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SOT-23-5 Tape and Reel Specification (Continued) 

REEL DIMENSIONS 




8 mm 

7.00 

330.00 

0.059 

1.50 

0.512 

13.00 

0.795 

20.20 

2.165 

55.00 

0.331 + 0.059/ -0.000 
8.40 + 1.50/ — 0.00 

0.567 

14.40 

W1 + 0.078/ -0.039 
W1 + 2.00/- 1.00 

Tape Size 

A 

B 

C 

D 

N 

W1 

W2 

W3 


6.0 SPICE Macromodel 

A SPICE macromodel is available for the LMC7101. This 
model includes simulation of: 

• Input common-mode voltage range 

• Frequency and transient response 

• GBW dependence on loading conditions 

• Quiescent and dynamic supply current 


• Output swing dependence on loading conditions and 
many more characteristics as listed on the macro model 
disk. Contact your local National Semiconductor sales 
office to obtain an operational amplifier spice model li- 
brary disk. 



! 
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National Semiconductor 


PRELIMINARY 


LMC7111 

Tiny CMOS Operational Amplifier with Rail-to-Rail Input 
and Output 


General Description 

The LMC7111 is a micropower CMOS operational amplifier 
available in the space saving SOT 23-5 package. This 
makes the LMC7111 ideal for space and weight critical de- 
signs. The wide common-mode input range makes it easy to 
design battery monitoring circuits which sense signals 
above the V+ supply. For easy prototyping, the LMC71 1 1 is 
available in a conventional 8-pin DIP package. The 
LMC7111 is available in two offset voltage grades, 3 mV 
and 7 mV. The main benefits of the Tiny package are most 
apparent in small portable electronic devices, such as mo- 
bile phones, pagers, and portable computers. The tiny am- 
plifiers can be placed on a board where they are needed, 
simplifying board layout. 


Features 

■ Tiny SOT23-5 package saves space 

■ Very wide common mode input range 

■ Specified at 2.2V, 2.7 V, 3V, 3.3V, 5V, and 10V 

■ Typical supply current 25 jmA at 5V 

■ 50 kHz gain-bandwidth at 5 V 

■ Similar to popular LMC6462 

■ Output to within 20 mV of supply rail at 100K load 

■ Low input current 1 00 fA 

Applications 

■ Mobile communications 

■ Notebooks and PDAs 

■ Current sensing for battery chargers 

■ Portable electronics 

■ Sensor interface 

■ Battery monitoring 


Connection Diagrams 


8-Pin DIP 


5-Pin SOT23-5 


INVERTING INPUT 
NON-INVERTING _3j 
INPUT 



NO 

V + 

OUTPUT 


NC 


Top View 


TL/H/12352-1 



Ordering Information 


Package 

Ordering 

Information 

NSC Drawing 
Number 

Package 

Marking 

Transport Media 

8-Pin DIP 

LMC7111AIN 

N08E 

LMC7111AIN 

Rails 

8-Pin DIP 

LMC7111BIN 

N08E 

LMC71 1 1 BIN 

Rails 

5-Pin SOT23-5 

LMC7111AIM5 

MA05A 

A01 A 

250 Units on Tape and Reel 

5-Pin SOT23-5 

LMC7111BIM5 

MA05A 

A01B 

250 Units on Tape and Reel 

5-Pin SOT23-5 

LMC71 1 1AIM5X 

MA05A 

A01 A 

3K Units on Tape and Reel 

5-Pin SOT23-5 

LMC71 1 1BIM5X 

MA05A 

A01B 

3K Units on Tape and Reel 
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National Semiconductor 


LPC660 

Low Power CMOS Quad Operational Amplifier 


General Description 

The LPC660 CMOS Quad operational amplifier is ideal for 
operation from a single supply. It features a wide range of 
operating voltage from + 5V to + 15V and features rail-to- 
rail output swing in addition to an input common-mode 
range that includes ground. Performance limitations that 
have plagued CMOS amplifiers in the past are not a prob- 
lem with this design. Input Vqs. drift, and broadband noise 
as well as voltage gain (into 100 kft and 5 kH) are all equal 
to or better than widely accepted bipolar equivalents, while 
the power supply requirement is typically less than 1 mW. 
This chip is built with National’s advanced Double-Poly Sili- 
con-Gate CMOS process. 

See the LPC662 datasheet for a Dual CMOS operational 
amplifier and LPC661 datasheet for a single CMOS opera- 
tional amplifier with these same features. 

Applications 

■ High-impedance buffer 

■ Precision current-to-voltage converter 

■ Long-term integrator 


■ High-impedance preamplifier 

■ Active filter 

■ Sample-and-Hold circuit 

■ Peak detector 

Features 

■ Rail-to-rail output swing 

■ Micropower operation 

■ Specified for 1 00 kft and 5 kll loads 

■ High voltage gain 

■ Low input offset voltage 

■ Low offset voltage drift 

■ Ultra low input bias current 

■ Input common-mode includes V - 

■ Operation range from + 5V to +15V 

■ Low distortion 

■ Slew rate 

■ Full military temp, range available 


(1 mW) 

120 dB 
3 mV 
1.3 |LtV/ 0 C 
2 f A 


0.01% at 1 kHz 
0.11 V/jms 


Connection Diagram 


OUTPUT 4 INPUT 4" INPUT 4 


14-Pin DIP/SO 

INPUT 3 + INPUT 3~ OUTPUT 3 



Ordering Information 


Package 

Temperature Range 

NSC 

Drawing 

Transport 

Media 

Military 

Industrial 

14-Pin 

Side Brazed 
Ceramic DIP 

LPC660AMD 


D14E 

Rail 

14-Pin 

Small Outline 


LPC660AIM 
or LPC660IM 

M14A 

Rail 

Tape and Reel 

14-Pin 
Molded DIP 


LPC660AIN 
or LPC660IN 

N14A 

Rail 

14-Pin 

Ceramic DIP 

LPC660 AM J / 883 


J14A 

Rail 
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Absolute Maximum Ratings (Note 3) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Differential Input Voltage 
Supply Voltage (V + - V") 
Output Short Circuit to V+ 
Output Short Circuit to V - 
Lead Temperature (Soldering, ' 
Storage Temp. Range 
Junction Temperature (Note 2) 
ESD Rating (C = 100 pF, R = 
Power Dissipation 
Current at Input Pin 
Current at Output Pin 
Voltage at Input/Output Pin 
Current at Power Supply Pin 


± Supply Voltage 
16V 
(Note 11) 
(Note 1) 

sec.) 260°C 

— 65°C to + 1 50°C 
150°C 

.5kO) 1000V 

(Note 2) 
±5mA 
±18 mA 

(V+) + 0.3V, (V-) - 0.3V 
35 mA 


Operating Ratings (Note 3) 

Temperature Range 

LPC660AM — 55°C ^ T j ^ + 125°C 

LPC660AI — 40°C ^ T j ^ +85°C 

LPC660I — 40°C ^ Tj <; +85°C 

4.75V to 15.5V 
(Note 9) 

90°C/W 
85°C/W 
115°C/W 
90°C/W 


Supply Range 
Power Dissipation 

Thermal Resistance (0ja), (Note 10) 
14-Pin Ceramic DIP 
14-Pin Molded DIP 
14-Pin SO 

14-Pin Side Brazed Ceramic DIP 


DC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C. Boldface limits apply at the temperature extremes. V+ = 5V, 
V~ = 0V, Vcm = 1.5V, Vq = 2.5V, and Rl > 1M unless otherwise specified. 


Parameter 

Conditions 

Typ 

LPC660AM 

LPC660AMJ/883 

LPC660AI 

LPC660I 

Units 

.. 

Limit 

(Notes 4, 8) 

Limit 
(Note 4) 

Limit 
(Note 4) 

Input Offset Voltage 


1 

3 

3 

6 

mV 




3.5 

3.3 

6.3 

max 

Input Offset Voltage 
Average Drift 


1.3 




- 

JLiV/°C 

Input Bias Current 


0.002 

20 



pA 




100 

4 

4 

max 

Input Offset Current 


0.001 

20 



pA 




100 

2 

2 


Input Resistance 


>1 




Teraft 

Common Mode 

ov <; v C m < 12 .OV 

83 

70 

70 

63 

dB 

Rejection Ratio 

V+ = 15V 


68 

68 

61 

min 

Positive Power Supply 

5V ^ V+ <£ 15V 

83 

70 

70 

63 

dB 

Rejection Ratio 



68 

68 

61 

min 

Negative Power Supply 

ov ^ v- ^ -10V 

94 

84 

84 

74 

dB 

Rejection Ratio 



82 

83 

73 

min 

Input Common Mode 

V + = 5V&15V 

-0.4 

-0.1 

-0.1 

-0.1 

V 

Voltage Range 

For CMRR > 50 dB 


. . 0 

0 

0 

max 



V+ - 1.9 

V+ - 2.3 

V+ - 2.3 

CO 

cvi 

1 

+ 

> 

V 




V+ - 2.6 

V+ - 2.5 

V+ - 2.5 

min 
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DC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C. Boldface limits apply at the temperature extremes. V+ = 5V, 
V~ = OV, Vqm = 1.5V, Vq = 2.5V, and R|_ > 1M unless otherwise specified. (Continued) 


Parameter 

Conditions 

Typ 

LPC660AM 

LPC660AMJ/883 

LPC660AI 

LPC660I 

Units 

Limit 

(Notes 4, 8) 

Limit 
(Note 4) 

Limit 
(Note 4) 

Large Signal 

R l = 100 k n (Note 5) 

1000 

400 

400 

300 

V/mV 

Voltage Gain 

Sourcing 


250 

300 

200 

min 


Sinking 

500 

180 

180 

90 

V/mV 




70 

120 

70 

min 


Rl = 5 kfl (Note 5) 

1000 

200 

200 

100 

V/mV 


Sourcing 


150 

160 

80 

min 


Sinking 

250 

100 

100 

50 

V/mV 




35 

60 

40 

min 

Output Swing 

V+ = 5V 

4.987 

4.970 

4.970 

4.940 

V 


R l = 100kfttoV+/2 


4.950 

4.950 

4.910 

min 



0.004 

0.030 

0.030 

0.060 

V 




0.050 

0.050 

0.090 

max 


V+ = 5V 

4.940 

4.850 

4.850 

4.750 

V 


R l = 5 kft to V+/2 


4.750 

4.750 

4.650 

min 



0.040 

0.150 

0.150 

0.250 

V 




0.250 

0.250 

0.350 

max 


V+ = 15V 

14.970 

14.920 

14.920 

14.880 

V 


R L = 100kntoV+/2 


14.880 

14.880 

14.820 

min 



0.007 

0.030 

0.030 

0.060 

V 




0.050 

0.050 

0.090 

max 


V+ = 15V 

14.840 

14.680 

14.680 

14.580 

V 


R|_ = 5 kfl to V+/2 


14.600 

14.600 

14.480 

min 



0.110 

0.220 

0.220 

0.320 

V 




0.300 

0.300 

0.400 

max 

Output Current 

Sourcing, Vq = 0V 

22 

16 

16 

13 

mA 

V+ = 5V 



12 

14 

11 

min 


Sinking, Vq = 5V 

21 

16 

16 

13 

mA 




12 

14 

11 

min 

Output Current 

Sourcing, Vo = 0V 

40 

19 

28 

23 

mA 

V+ = 15V 



19 

25 

20 

min 


Sinking, Vo = 13V 

39 

19 

28 

23 

mA 


(Note 11) 


19 

24 

19 

min 

Supply Current 

All Four Amplifiers 

160 

200 

200 

240 

/x A 


V 0 = 1.5V 


250 

230 

270 

max 
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AC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C. Boldface limits apply at the temperature extremes. V+ = 5V, 
V“ = OV, Vqm = 1.5V, Vq = 2.5, and R|_ > 1M unless otherwise specified. 


Parameter 

Conditions 


LPC660AM 

LPC660AMJ/883 

LPC660AI 

LPC660I 

Units 




Slew Rate 

(Note 6) 

0.11 

0.07 

0.07 

0.05 

V/jU,S 




0.04 

0.05 

0.03 

min 

Gain-Bandwidth Product 






MHz 

Phase Margin 


50 




Deg 

Gain Margin 


17 




dB 

Amp-to-Amp Isolation 

(Note 7) 

130 




dB 

Input Referred Voltage Noise 

F = 1 kHz 

42 




nV/VHz 

Input Referred Current Noise 

F = 1 kHz 

0.0002 




pA/VHz 

Total Harmonic Distortion 

F = 1 kHz, A v = ~10 

R[_ = 100 kfl, Vq — 8 Vpp 

0.01 




% 


Note 1: Applies to both single supply and split supply operation. Continuous short circuit operation at elevated ambient temperature and/or multiple Op Amp shorts 
can result in exceeding the maximum allowed junction temperature of 150°C. Output currents in excess of ±30 mA over long term may adversely affect reliability. 
Note 2: The maximum power dissipation is a function of Tj(max). 0 ja and Ta- The maximum allowable power dissipation at any ambient temperature is Pq = 
Oj(max)“TA)0JA- 

Note 3: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 

Note 4: Limits are guaranteed by testing or correlation. 

Note 5: V + = 15V, V C m = 7.5V and R L connected to 7.5V. For Sourcing tests, 7.5V £ V 0 £ 11.5V. For Sinking tests, 2.5V £ V 0 £ 7.5 V. 

Note 6: V + = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 

Note 7: Input referred. V + = 15V and Rl = 100 kfl connected to V + /2. Each amp excited in turn with 1 kHz to produce Vq = 13 Vpp. 

Note 8: A military RETS electrical test specification is available on request. At the time of printing, the LPC660AMJ/883 RETS specification complied fully with the 
boldface limits in this column. The LPC660AMJ/883 may also be procured to a Standard Military Drawing specification. 

Note 9: For operating at elevated temperatures, the device must be derated based on the thermal resistance 0ja with Pd = (Tj-Ta)/0ja- 
Note 10: All numbers apply for packages soldered directly into a PC board. 

Note 11: Do not connect output to V + when V+ is greater than 13V or reliability may be adversely affected. 
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CROSSTALK REJECTION (dB) OUTPUT VOLTAGE REFERENCED TO GROUND (V) SUPPLY CURRENT (|*A) 


Typical Performance Characteristics Vs = ± 7.5V, Ta = 25°C unless otherwise specified 


Supply Current Input Bias Current Common-Mode Voltage 

vs Supply Voltage vs Temperature Range vs Temperature 



SUPPLY VOLTAGE (V) TEMPERATURE (°C) “ TEMPERATURE (°C) 


Output Characteristics Output Characteristics Input Voltage Noise 

Current Sinking Current Sourcing vs Frequency 



OUTPUT SINK CURRENT (mA) 

OUTPUT SOURCE CURRENT (mA) 

FREQUENCY (Hz) 

Crosstalk Rejection 
vs Frequency 

CMRR vs Frequency 

CMRR vs Temperature 



Power Supply Rejection 
Ratio vs Frequency 
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Typical Performance Characteristics Vs = ± 7.5V, Ta = 25°C unless otherwise specified (Continued) 


Open-Loop Voltage Gain 
vs Temperature 


Open-Loop 
Frequency Response 


Gain and Phase Responses 
vs Load Capacitance 


-75 -25 25 75 125 

TEMPERATURE (°C) 


- 56 pF, 100 pF— | 


— 


20 










ii : 

— 1 — UL 

PHASE,' 

; |Cl = 100 pF^ 



-20 








> 

K 

o 0 

-45 

□ 

m 

"f . C L = . 56 . PF ' 


0.01 0.1 1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Ik 10k 100k 1M 

FREQUENCY (Hz) 


Gain and Phase Responses 
vs Temperature 


ir 5 i ® 

ffl-+25°C 45 


+25°C|||||| f 
III +125°C 


Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 

Inverting Slew Rate 
vs Temperature 



Gain Error 
(V os vs V 0 ut) 
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-10 -7.5 -5 -2.5 0 2.5 5 7.5 10 

V 0UT (VOLTS) 

Large-Signal Pulse 
Non-Inverting Response 
<A V = +1) 



TEMPERATURE (°C) 


0 20 40 60 80 100120140160180 
TIME (/is) 


Non-Inverting Slew Rate 
vs Temperature 



TEMPERATURE (°C) 

Non-Inverting Small 
Signal Pulse Response 
(A V =+1) 



0 2 4 6 8 10 12 14 16 
TIME (/ts) 


Inverting Large-Signal 
Pulse Response 



20 40 60 80 100 120 140 
TIME (/is) 


Inverting Small-Signal 
Pulse Response 



0 2 4 6 8 10 12 14 16 18 

TIME (/is) 
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Typical Performance Characteristics v s = ± 7.5 v,t a = 25»c (continued) 



-10 - 0.1 - 0.001 0.001 0.1 10 
-1 - 0.01 0 0.01 1 
SINKING SOURCING 

LOAD CURRENT (mA) 

TL/H/1 0547-4 

Note: Avoid resistive loads of less than 500ft, as they may cause instability. 

Application Hints 

AMPLIFIER TOPOLOGY 

The topology chosen for the LPC660 is unconventional 
(compared to general-purpose op amps) in that the tradi- 
tional unity-gain buffer output stage is not used; instead, the 
output is taken directly from the output of the integrator, to 
allow rail-to-rail output swing. Since the buffer traditionally 
delivers the power to the load, while maintaining high op 
amp gain and stability, and must withstand shorts to either 
rail, these tasks now fall to the integrator. 

As a result of these demands, the integrator is a compound 
affair with an embedded gain stage that is doubly fed for- 
ward (via Cf and Cff) by a dedicated unity-gain compensa- 
tion driver. In addition, the output portion of the integrator is 
a push-pull configuration for delivering heavy loads. While 
sinking current the whole amplifier path consists of three 
gain stages with one stage fed forward, whereas while 
sourcing the path contains four gain stages with two fed 
forward. 



100,000 


10,000 


Stability vs Capacitive Load 
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1 

-10 -0.1 -0.001 OjOOI 0.1 10 

-1 - 0.01 0 0 . Q1 1 

SINKING SOURCING 

LOAD CURRENT (mA) 

TL/H/1 0547-5 


The large signal voltage gain while sourcing is comparable 
to traditional bipolar op amps, for load resistance of at least 
5 kft. The gain while sinking is higher than most CMOS op 
amps, due to the additional gain stage; however, when driv- 
ing load resistance of 5 kft or less, the gain will be reduced 
as indicated in the Electrical Characteristics. The op amp 
can drive load resistance as low as 500ft without instability. 

COMPENSATING INPUT CAPACITANCE 

Refer to the LMC660 or LMC662 datasheets to determine 
whether or not a feedback capacitor will be necessary for 
compensation and what the value of that capacitor would 
be. 

CAPACITIVE LOAD TOLERANCE 

Like many other op amps, the LPC660 may oscillate when 
its applied load appears capacitive. The threshold of oscilla- 
tion varies both with load and circuit gain. The configuration 
most sensitive to oscillation is a unity-gain follower. See the 
Typical Performance Characteristics. 

The load capacitance interacts with the op amp’s output 
resistance to create an additional pole. If this pole frequen- 
cy is sufficiently low, it will degrade the op amp’s phase 
margin so that the amplifier is no longer stable at low gains. 
The addition of a small resistor (50ft to 1 00ft) in series with 
the op amp’s output, and a capacitor (5 pF to 10 pF) from 
inverting input to output pins, returns the phase margin to a 
safe value without interfering with lower-frequency circuit 
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Application Hints (Continued) 

operation. Thus, larger values of capacitance can be tolerat- 
ed without oscillation. Note that in all cases, the output will 
ring heavily when the load capacitance is near the threshold 
for oscillation. 


100 kA 



Capacitive load driving capability is enhanced by using a pull 
up resistor to V+ (Figure 2b). Typically a pull up resistor 
conducting 50 /xA or more will significantly improve capaci- 
tive load responses. The value of the pull up resistor must 
be determined based on the current sinking capability of the 
amplifier with respect to the desired output swing. Open 
loop gain of the amplifier can also be affected by the pull up 
resistor (see Electrical Characteristics). 


v+ 



TL/H/1 0547-26 

FIGURE 2b. Compensating for Large 
Capacitive Loads with A Pull Up Resistor 


PRINTED-CIRCUIT-BOARD LAYOUT 
FOR HIGH-IMPEDANCE WORK 

It is generally recognized that any circuit which must oper- 
ate with less than 1000 pA of leakage current requires spe- 
cial layout of the PC board. When one wishes to take advan- 
tage of the ultra-low bias current of the LPC660, typically 
less than 0.04 pA, it is essential to have an excellent layout. 
Fortunately, the techniques for obtaining low leakages are 
quite simple. First, the user must not ignore the surface 
leakage of the PC board, even though it may sometimes 
appear acceptably low, because under conditions of high 
humidity or dust or contamination, the surface leakage will 
be appreciable. 

To minimize the effect of any surface leakage, lay out a ring 
of foil completely surrounding the LPC660’s inputs and the 
terminals of capacitors, diodes, conductors, resistors, relay 
terminals, etc. connected to the op-amp’s inputs. See Fig- 
ure 3. To have a significant effect, guard rings should be 
placed on both the top and bottom of the PC board. This PC 
foil must then be connected to a voltage which is at the 
same voltage as the amplifier inputs, since no leakage cur- 
rent can flow between two points at the same potential. For 
example, a PC board trace-to-pad resistance of 10 12 ohms, 
which is normally considered a very large resistance, could 
leak 5 pA if the trace were a 5 V bus adjacent to the pad of 
an input. This would cause a 100 times degradation from 
the LPC660’s actual performance. However, if a guard ring 
is held within 5 mV of the inputs, then even a resistance of 
1 0 1 1 ohms would cause only 0.05 pA of leakage current, or 
perhaps a minor (2:1) degradation of the amplifier’s per- 
formance. See Figures 4a, 4b, 4c for typical connections of 
guard rings for standard op-amp configurations, if both in- 
puts are active and at high impedance, the guard can be 
tied to ground and still provide some protection; see 
Figure 4d. 



TL/H/10547-19 


FIGURE 3. Example of Guard Ring in P.C. Board Layout using the LPC660 
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Application Hints (Continued) 

Cl 




(a) inverting Amplifier (b) Non-Inverting Amplifier 



(c) Follower 


R3 



FIGURE 4. Guard Ring Connections 


The designer should be aware that when it is inappropriate 
to lay out a PC board for the sake of just a few circuits, there 
is another technique which is even better than a guard ring 
on a PC board: Don’t insert the amplifier’s input pin into the 
board at all, but bend it up in the air and use only air as an 
insulator. Air is an excellent insulator. In this case you may 
have to forego some of the advantages of PC board con- 
struction, but the advantages are sometimes well worth the 
effort of using point-to-point up-in-the-air wiring. See 
Figure 5. 


FEEDBACK 

CAPACITOR 



(Input pins are lifted out of PC board and soldered directly to components. 
All other pins connected to PC board.) 

FIGURE 5. Air Wiring 


BIAS CURRENT TESTING 

The test method of Figure 6 is appropriate for bench-testing 
bias current with reasonable accuracy. To understand its 
operation, first close switch S2 momentarily. When S2 is 

opened, then l~ = — — r X C2. 



FIGURE 6. Simple Input Bias Current Test Circuit 
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Application Hints (Continued) 

A suitable capacitor for C2 would be a 5 pF or 1 0 pF silver 
mica, NPO ceramic, or air-dielectric. When determining the 
magnitude of l~, the leakage of the capacitor and socket 
must be taken into account. Switch S2 should be left short- 
ed most of the time, or else the dielectric absorption of the 
capacitor C2 could cause errors. 


Typical Single-Supply Applications <v+ 

Photodiode Current-to- Voltage Converter 


+5V 



Note: A 5V bias on the photodiode can cut its capacitance by a factor of 2 or 
3, leading to improved response and lower noise. However, this bias on the 
photodiode will cause photodiode leakage (also known as its dark current). 


Similarly, if SI is shorted momentarily (while leaving S2 
shorted) 

l + =^Ix(C1 + Cx) 

where C x is the stray capacitance at the + input. 

= 5.0 V DC ) 

Micropower Current Source 

LM385 (1.2V) 



TL/H/10547-18 

(Upper limit of output range dictated by input common-mode range; lower 
limit dictated by minimum current requirement of LM385.) 


Low-Leakage Sample-and-Hold 



TL/H/ 10547-8 


Instrumentation Amplifier 



If R1 - R5, R3 = R6, and R4 = R7; 

.< V 0UT R2 + 2R1 R4 

then — — = — X — - 

V|N R1 R3 

Ay ~ 100 for circuits shown. 

For good CMRR over temperature, low drift resis- 
tors should be used. Matching of R3 to R6 and 
R4 to R7 affects CMRR. Gain may be adjusted 
through R2. CMRR may be adjusted through R7. 
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Typical Single-Supply Applications <v + = 5.0 v DC ) (continued) 

Sine-Wave Oscillator 



Oscillator frequency is determined by R1, R2, Cl, and C2: 

fosc = 1 /2 ttRC 

where R = R1 = R2 and C = Cl = C2. 

This circuit, as shown, oscillates at 2.0 kHz with a peak-to- 
peak output swing of 4.5V 


1 Hz Square-Wave Oscillator 
R4 



Power Amplifier 
R4 



TL/H/10547-12 
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Typical Single-Supply Applications <v + = 5.0 v DC ) (Continued) 

10 Hz Bandpass Filter 



Gain = -8.8 


TL/H/10547-13 


1 Hz Low-Pass Filter (Maximally Flat, Dual Supply Only) 
R1 R4 



10 Hz High-Pass Filter (2 dB Dip) 

+5V 



High Gain Amplifier with Offset Voltage Reduction 

R3 



Gain - -46.8 

Output offset voltage reduced to the 
level of the input offset voltage of 
the bottom amplifier (typically 1 mV), 
referred to Vbias- 


TL/H/10547-16 
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National Semiconductor 


LPC661 

Low Power CMOS Operational Amplifier 


General Description 

The LPC661 CMOS operational amplifier is ideal for opera- 
tion from a single supply. It features a wide range of operat- 
ing supply voltage from + 5V to + 15V, rail-to-rail output 
swing and an input common-mode range that includes 
ground. Performance limitations that have plagued CMOS 
amplifiers in the past are not a problem with this design. 
Input Vqs. drift, and broadband noise as well as voltage 
gain (into 100 kn and 5 kfl) are all equal to or better than 
widely accepted bipolar equivalents, while the supply cur- 
rent requirement is typically 55 jmA. 

This chip is built with National’s advanced Double-Poly Sili- 
con-Gate CMOS process. 

See the LPC660 datasheet for a Quad CMOS operational 
amplifier or the LPC662 data sheet for a Dual CMOS opera- 
tional amplifier with these same features. 


High voltage gain 

120 dB 

Low input offset voltage 

3 mV 

Low offset voltage drift 

1.3 p,V/°C 

Ultra low input bias current 

2 f A 

Input common-mode range includes GND 

Operating range from +5V to + 15V 

Low distortion 0.01 % at 1 kHz 

Slew rate 

0.11 V/jaS 


Features (T ypical unless otherwise noted) 

■ Rail-to-rail output swing 

■ Low supply current 

■ Specified for 100 k& and 5 kn loads 


Applications 

■ High-impedance buffer 

■ Precision current-to-voltage converter 

■ Long-term integrator 

■ High-impedance preamplifier 

■ Active filter 

■ Sample-and-Hold circuit 

■ Peak detector 


55 jiA 


Connection Diagram 


INVERTING INPUT 
NON-INVERTING _3 
INPUT 



OUTPUT 


TL/H/1 1227-1 


Ordering Information 


Package 

Temperature Range 

NSC 

Drawing 

Transport 

Media 

Military 

— 55°C to + 125°C 

industrial 
— 40°C to + 85°C 

8-Pin 

Small Outline 


LPC661AIM 

LPC661IM 

M08A 

Tape and Reel 
Rail 

8-Pin 

Molded DIP 

LPC661AMN 

LPC661AIN 
LPC661 IN 

N08E 

Rail 



I 
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Absolute Maximum Ratings (Note d 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (V + - V“) 16V 

Differential Input Voltage ± Supply Voltage 

Output Short Circuit to V+ (Note 9) 

Output Short Circuit to V ~ (Note 2) 

Storage T emperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 1 0 sec.) 260°C 

Junction T emperature (Note 3) 1 50°C 

Power Dissipation (Note 3) 

ESD Rating (C= 100 pF, R = 1 .5 kn) 1 000V 


Current at Input Pin 
Current at Output Pin 
Voltage Input/Output Pin 
Current at Power Supply Pin 


±5mA 
±18 mA 

(V+) + 0.3V, (V - ) -0.3V 
35 mA 


Operating Ratings (Note d 


Supply Voltage 
Junction Temperature Range 
LPC661AM 
LPC661AI 
LPC661I 

Power Dissipation 
Thermal Resistance (0 ja) (Note 8) 
8-Pin DIP 
8-Pin SO 


4.75V <; V+ ^ 15.5V 

— 55°C £ Tj <; + 1 25°C 
— 40°C ^ Tj ^ +85°C 
— 40°C <; Tj ^ +85°C 
(Note 7) 

101°C/W 

165°C/W 


DC Electrical Characteristics 

The following specifications apply for V + = 5V, V - = 0V, Vcm — 1.5V, 
Boldface limits apply at the temperature extremes; all other limits Tj = 


Vq = 2.5V, and R|_ = 1 M unless otherwise noted. 
25°C. 






LPC661AM 

LPC661AI 

lpc66ii 

Units 

(Limit) 

Symbol 

Parameter 

Conditions 

Typ 

Limit 

Limit 

Limit 





(Note 4) 

(Note 4) 

(Note 4) 

Vos 

Input Offset Voltage 


1 


3 

6 

mV 






3.3 

6.3 

TCV 0S 

Input Offset Voltage 
Average Drift 


1.3 




ju,V/°C 

•b 

Input Bias Current 


0.002 

20 



pA 





IOO 

4 

4 

max 

los 

Input Offset Current 


0.001 

20 



pA 





IOO 

2 

2 

max 

Rin 

Input Resistance 


>1 




Teran 

CMRR 

Common Mode 

ov <; v C M ^ 12.0V 


70 

70 

63 

dB 


Rejection Ratio 

V+ =-15V 


68 

68 

61 

min 

+ PSRR 

Positive Power Supply 

5V£ V+ £ 15V 

83 

70 

70 

63 

dB 


Rejection Ratio 



68 

68 

61 

min 

— PSRR 

Negative Power Supply 

ov ^ v~ <; -10V 

94 

84 

84 

74 

dB 


Rejection Ratio 



82 

83 

73' 

min 

Vcm 

Input Common Mode 

V+ =' Wand 15V 

-0.4 

-0.1 

-0.1 

-0.1 

V 


Voltage Range 

for CMRR 2: 50 dB 


0 

0 

0 

max 




< 

+ 

1 

CD 

CO 

cvi 

1 

+ 

> 

K 

00 
cvi 

1 

+ 

> 

V 





V+ - 2.6 

ngfi 

V+ - 2.5 

min 

A V 

Large Signal 

Sourcing 


400 


300 

V/mV 


Voltage Gain 

R l = 1 00 kn (Note 5) 


250 


200 

min 



Sinking 

500 

180 


90 

V/mV 



R l = 1 00 kn (Note 5) 


70 


70 

min 



Sourcing 


200 


100 

V/mV 



R L = 5 kn (Note 5) 


150 


80 

min 



Sinking 


100 



V/mV 



R L = 5 kn (Note 5) 


35 



min 
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DC Electrical Characteristics 

The following specifications apply for V+ = 5V, V~ = OV, Vqm — 1.5V, Vq = 2.5V, and Rl = 1M unless otherwise noted. 
Boldface limits apply at the temperature extremes; all other limits Tj = 25°C. (Continued) 


Symbol 

Parameter 

Conditions 

Typ 

LPC661AM 

Limit 
(Note 4) 

LPC661AI 

Limit 
(Note 4) 

LPC661I 

Limit 
(Note 4) 

Units 

(Limit) 

Vo 

Output Swing 


4.987 

4.970 

4.970 

4.940 

V 





4.950 

4.950 

4.910 

min 




0.004 

0.030 

0.030 

0.060 

V 





0.050 

0.050 

0.090 

max 



V + = 5V 

4.940 

4.850 

4.850 

4.750 

V 



R l = 5 ka to 2.5V 


4.750 

4.750 

4.650 

min 




0.040 

0.150 

0.150 

0.250 

V 





0.250 

0.250 

0.350 

max 



V+ = 15V 

14.970 

14.920 

14.920 

14.880 

V 



R l = 100 kn to 7.5V 


14.880 

14.880 

14.820 

min 




0.007 

0.030 

0.030 

0.060 

V 





0.050 

0.050 

0.090 

max 



V+ = 15V 

14.840 

14.680 

14.680 

14.580 

V 



R l = 5 kn to 7.5V 


14.600 

14.600 

14.480 

min 




0.110 

0.220 

0.220 

0.320 

V 





0.300 

0.300 

0.400 

max 

•o 

Output Current 

Sourcing, Vq = 0V 

22 

16 

16 

13 

mA 


V+ = 5V 



12 

14 

11 

min 



Sinking, Vq = 5V 

21 

16 

16 

13 

mA 





12 

14 

11 

min 

•o 

Output Current 

Sourcing, Vo = 0V 

40 

19 

28 

23 

mA 


V+ = 15V 



19 

25 

20 

min 



Sinking, Vq = 13V 

39 

19 

28 

23 

mA 



(Note 9) 


19 

24 

19 

min 

Is 

Supply Current 

V+ = 5V, V 0 = 1.5V 

55 

60 

60 

70 

jxA 





70 

70 

85 

max 



V+ = 15V, V 0 = 1.5V 

58 

75 

75 

90 

jaA 





85 

85 

105 

max 
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AC Electrical Characteristics 

The following specifications apply for V+ = 5V, V~ = OV, Vqm = 1.5V, Vo = 2.5V, and R|_ = 1M unless otherwise noted. 
Boldface limits apply at the temperature extremes; all other limits Tj - 25°C. 


Symbol 

Parameter 

Conditions 

Typ 

LPC661AM 

Limit 
(Note 4) 

LPC661AI 

Limit 
(Note 4) 

LPC661I 
Limit 
(Note 4) 

Units 

(Limit) 

SR 

Slew Rate 

(Note 6) 

0.11 

0.07 

0.04 

0.07 

0.05 

0.05 

0.03 

V/jxS 

min 

GBW 

Gain-Bandwidth Product 


350 




kHz 

<f>m 

Phase Margin 


50 




Deg 

Gm 

Gain Margin 


ill 




dB 

©n 

Input Referred Voltage Noise 

F = 1 kHz 

KB 




nV/VHz 


Input Referred Current Noise 

F = 1 kHz 

0.0002 




pA/i/Hz 


Total Harmonic Distortion 

F = 1 kHz, A v = -10 

R l = lOOkn.Vo = 8 V PP 
V+ = 15V 

0.01 




% 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 

Note 2: Applies to both single supply and split supply operation, Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. Output currents in excess of ±30 mA over long term may adversely affect reliability. 

Note 3: The maximum power dissipation is a function of Tj( max ), 0 ja and T*. The maximum allowable power dissipation at any ambient temperature is Pq = 
Oj(max)~TA)/0JA- 

Note 4: Limits are guaranteed by testing or correlation. 

Note 5: V + = 15V, V C m = 7.5V and R L connected to 7.5V. For sourcing tests, 7.5V <: V 0 £ 11.5V. For sinking tests, 2.5 V <; Vo £ 7.5V. 

Note 6: V + = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 

Note 7: For operating at elevated temperatures the device must be derated based on the thermal resistance 0 ja with Pq = (Tj-Ta)/0ja- 
Note 8: All numbers apply for packages soldered directly into a PC board. 

Note 9: Do not connect output to V+ when V+ is greater than 13V or reliability may be adversely affected. 
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Typical Performance Characteristics Vs = ± 7.5V, Ta = 25°C unless otherwise specified 


100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 


Supply Current 
vs Supply Voltage 


■ 


■ 

■ 

■ 


■ 

■ 









:■ 

m 

■ 

S3 

m 

to 

m 

■ 

■ 

■ 

■ 

u 

15 



SJSSSSJYXa 

rj 1 

wmsesssesmt 

vs 






ii 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

m 

■ 

■ 

■ 

■ 


■ 

■ 

■ 








m 

■ 

■ 

■ 

■ 


■ 



10 

i 

0.1 

0.01 

0.001 

0.0001 


0 2 4 6 8 10 12 14 16 

SUPPLY VOLTAGE (V) 

Output Characteristics 
Current Sinking 




v s 

V 

! ♦ 1 5V- 
:+5V^ 



T 




a 

■ 



IS 

■ 

■ 

B 






jjjjjj! 





0.001 0.01 0.1 1 10 100 
OUTPUT SINK CURRENT (mA) 



10 100 lie 10k 100k 1M 

FREQUENCY (Hz) 


Input Bias Current 
vs Temperature 



TEMPERATURE (°C) 


Output Characteristics 
Current Sourcing 



CMRR vs Temperature 


-25 25 75 

TEMPERATURE (°C) 


Common-Mode Voltage Range 
vs Temperature 


uj < 

2V 

2 s 
O 

>S5 

o 06 

8V> 


■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 









■ 

■ 

■ 

B 


■ 

■ 

■ 

■i 



335 

J2D 

33 

s 










a 
















■ 

■ 

■ 

■1 

in 


mu 

Sir 

■ 


S -75 


-25 25 75 

TEMPERATURE (°C) 


Input Voltage Noise 



10 100 Ik 10k 100 

FREQUENCY (Hz) 

Power Supply Rejection 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


TL/H/ 11227-2 



1-937 


LPC661 



Typical Performance Characteristics Vs = ± 7.5V, Ta = 25°C unless otherwise specified (Continued) 


Open-Loop Voltage Gain 
vs Temperature 
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Typical Performance Characteristics v s = ± 7.sv,t a = 25 -c (Continued) 


Stability vs Capacitive Load 



SINKING SOURCING 

LOAD CURRENT (mA) 

TL/H/1 1227-4 

Note: Avoid resistive loads of less than 500ft, as they may cause instability. 
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Application Hints 

AMPLIFIER TOPOLOGY 

The topology chosen for the LPC661 is unconventional 
(compared to general-purpose op amps) in that the tradi- 
tional unity-gain buffer output stage is not used; instead, the 
output is taken directly from the output of the integrator, to 
allow rail-to-rail output swing. Since the buffer traditionally 
delivers the power to the load, while maintaining high op 
amp gain and stability, and must withstand shorts to either 
rail, these tasks now fall to the integrator. 

As a result of these demands, the integrator is a compound 
affair with an embedded gain stage that is doubly fed for- 
ward (via Cf and Cff) by a dedicated unity-gain compensa- 
tion driver. In addition, the output portion of the integrator is 
a push-pull configuration for delivering heavy loads. While 
sinking current the whole amplifier path consists of three 
gain stages with one stage fed forward, whereas while 
sourcing the path contains four gain stages with two fed 
forward. 



The large signal voltage gain while sourcing is comparable 
to traditional bipolar op amps, for load resistance of at least 
5 kft. The gain while sinking is higher than most CMOS op 
amps, due to the additional gain stage; however, when driv- 
ing load resistance of 5 kft or less, the gain will be reduced 
as indicated in the Electrical Characteristics. The op amp 
can drive load resistance as low as 500ft without instability. 

COMPENSATING INPUT CAPACITANCE 

Refer to the LMC660 or LMC662 datasheets to determine 
whether or not a feedback capacitor will be necessary for 
compensation and what the value of that capacitor would 
be. 

CAPACITIVE LOAD TOLERANCE 

Like many other op amps, the LPC661 may oscillate when 
its applied load appears capacitive. The threshold of oscilla- 
tion varies both with load and circuit gain. The configuration 
most sensitive to oscillation is a unity-gain follower. See the 
Typical Performance Characteristics. 

The load capacitance interacts with the op amp’s output 
resistance to create an additional pole. If this pole frequen- 
cy is sufficiently low, it will degrade the op amp’s phase 
margin so that the amplifier is no longer stable at low gains. 
The addition of a small resistor (50ft to 1 00ft) in series with 
the op amp’s output, and a capacitor (5 pF to 1 0 pF) from 
inverting input to output pins, returns the phase margin to a 
safe value without interfering with lower-frequency circuit 
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Application Hints (Continued) 

operation. Thus, larger values of capacitance can be tolerat- 
ed without oscillation. Note that in all cases, the output will 
ring heavily when the load capacitance is near the threshold 
for oscillation. 


100 kii 



FIGURE 2a. Rx, Cx Improve Capacitive Load Tolerance 

Capacitive load driving capability is enhanced by using a pull 
up resistor to V+ (Figure 2b). Typically a pull up resistor 
conducting 50 julA or more will significantly improve capaci- 
tive load responses. The value of the pull up resistor must 
be determined based on the current sinking capability of the 
amplifier with respect to the desired output swing. Open 
loop gain of the amplifier can also be affected by the pull up 
resistor (see Electrical Characteristics). 


v+ 



TL/H/1 1227-24 

FIGURE 2b. Compensating for Large 
Capacitive Loads with A Pull Up Resistor 


PRINTED-CIRCUIT-BOARD LAYOUT 
FOR HIGH-IMPEDANCE WORK 

It is generally recognized that any circuit which must oper- 
ate with less than 1 000 pA of leakage current requires spe- 
cial layout of the PC board. When one wishes to take advan- 
tage of the ultra-low bias current of the LPC661 , typically 
less than 0.04 pA, it is essential to have an excellent layout. 
Fortunately, the techniques for obtaining low leakages are 
quite simple. First, the user must not ignore the surface 
leakage of the PC board, even though it may sometimes 
appear acceptably low, because under conditions of high 
humidity or dust or contamination, the surface leakage will 
be appreciable. 

To minimize the effect of any surface leakage, lay out a ring 
of foil completely surrounding the LPC661’s inputs and the 
terminals of capacitors, diodes, conductors, resistors, relay 
terminals, etc. connected to the op-amp’s inputs. See Fig- 
ure 3. To have a significant effect, guard rings should be 
placed on both the top and bottom of the PC board. This PC 
foil must then be connected to a voltage which is at the 
same voltage as the amplifier inputs, since no leakage cur- 
rent can flow between two points at the same potential. For 
example, a PC board trace-to-pad resistance of 10 12 ft, 
which is normally considered a very large resistance, could 
leak 5 pA if the trace were a 5V bus adjacent to the pad of 
an input. This would cause a 100 times degradation from 
the LPC660’s actual performance. However, if a guard ring 
is held within 5 mV of the inputs, then even a resistance of 
10 11 fl would cause only 0.05 pA of leakage current, or per- 
haps a minor (2:1) degradation of the amplifier’s, perform- 
ance. See Figures 4a, 4b, 4c for typical connections of 
guard rings for standard op-amp configurations. If both in- 
puts are active and at high impedance, the guard can be 
tied to ground and still provide some protection; see 
Figure 4d. 



TL/H/1 1227-8 

FIGURE 3. Example of Guard Ring in P.C. Board Layout, Using the LPC660 
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Application Hints (Continued) 


Guard Ring • 


■ ■ m 

II 

R2 

R2 

AAAi 

1 

1 

-AM H 

R1 


1 

> 

h— OUTPUT ■=■ Guard Rin 9 — N * 


1 

prl 


INPUT — j j — 

k . . 4 



(b) Non-Inverting Amplifier 


(a) Inverting Amplifier 


Guard Ring . 
INPUT 



(c) Follower 



(d) Howland Current Pump 


FIGURE 4. Guard Ring Connections 


The designer should be aware that when it is inappropriate 
to lay out a PC board for the sake of just a few circuits, there 
is another technique which is even better than a guard ring 
on a PC board: Don’t insert the amplifier’s input pin into the 
board at all, but bend it up in the air and use only air as an 
insulator. Air is an excellent insulator. In this case you may 
have to forego some of the advantages of PC board con- 
struction, but the advantages are sometimes well worth the 
effort of using point-to-point up-in-the-air wiring. See 
Figure 5. 

FEEDBACK 

CAPACITOR 



SOLDER CONNECTION 

TL/H/1 1227-13 

(Input pins are lifted out of PC board and soldered directly to components. 
All other pins connected to PC board.) 

FIGURE 5. Air Wiring 


BIAS CURRENT TESTING 

The test method of Figure 6 is appropriate for bench-testing 
bias current with reasonable accuracy. To understand its 
operation, first close switch S2 momentarily. When S2 is 
opened, then 

i- = ^oyi x C2. 

dt 


S2 (push-rod operated) 



SI (push-rod operated) 




TL/H/1 1227-14 

FIGURE 6. Simple Input Bias Current Test Circuit 
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Application Hints (Continued) 

A suitable capacitor for C2 would be a 5 pF or 10 pF silver 
mica, NPO ceramic, or air-dielectric. When determining the 
magnitude of l~, the leakage of the capacitor and socket 
must be taken into account. Switch S2 should be left short- 
ed most of the time, or else the dielectric absorption of the 
capacitor C2 could cause errors. 

Typical Single-Supply Applications <v + 

Photodiode Current-to-Voltage Converter 


+5V 



TL/H/11227-15 


Note: A 5V bias on the photodiode can cut its capacitance by a factor of 2 or 
3, leading to improved response and lower noise. However, this bias on the 
photodiode will cause photodiode leakage (also known as its dark current). 


Similarly, if SI is shorted momentarily (while leaving S2 
shorted) 

l += ^yi x(C i + Cx ) 

dt 

where C x is the stray capacitance at the + input. 

= 5.0 V DC ) 

Micropower Current Source 

LM385 (1.2V) 



TL/H/ 11227-16 

(Upper limit of output range dictated by input common-mode range; lower 
limit dictated by minimum current requirement of LM385.) 
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Typical Single-Supply Applications <v r = 5.0 v DC ) (continued) 



1 Hz Low-Pass Filter (Maximally Flat, Dual Supply Only) 


R1 R4 



TL/H/1 1227-23 
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National 


Semiconductor 


LPC662 

Low Power CMOS Dual Operational Amplifier 


General Description 

The LPC662 CMOS Dual operational amplifier is ideal for 
operation from a single supply. It features a wide range of 
operating voltage from +5V to + 15V, rail-to-rail output 
swing in addition to an input common-mode range that in- 
cludes ground. Performance limitations that have plagued 
CMOS amplifiers in the past are not a problem with this 
design. Input Vqs. drift, and broadband noise as well as 
voltage gain (into 100 kft and 5 kfl) are all equal to or better 
than widely accepted bipolar equivalents, while the power 
supply requirement is typically less than 0.5 mW. 

This chip is built with National’s advanced Double-Poly Sili- 
con-Gate CMOS process. 

See the LPC660 datasheet for a Quad CMOS operational 
amplifier and LPC661 for a single CMOS operational amplifi- 
er with these same features. 

Applications 

■ High-impedance buffer 

■ Precision current-to-voltage converter 


■ Long-term integrator 

■ High-impedance preamplifier 

■ Active filter 

■ Sample-and-Hold circuit 

■ Peak detector 


Features 


Rail-to-rail output swing 

Micropower operation (<0.5 mW) 

Specified for 100 kn and 5 kn loads 

High voltage gain 

Low input offset voltage 

Low offset voltage drift 

Ultra low input bias current 

Input common-mode includes GND 

Operating range from + 5V to + 15V 

Low distortion 

Slew rate 

Full military temperature range available 


120 dB 
3 mV 
1.3 jmV/°C 
2 f A 


0.01% at 1 kHz 
0.11 V/ fxs 


Connection Diagram 

8-Pin DIP/SO 



Ordering Information 


Package 

Temperature Range 

NSC 

Drawing 

Transport 

Media 

Military 

Industrial 

8-Pin 

Side Brazed 

Ceramic DIP 

LPC662AMD 


D08C 

Rail 

8-Pin 

Small Outline 


LPC662AIM 
or LPC662IM 

M08A 

Rail 

Tape and Reel 

8-Pin 

Molded DIP 


LPC662AIN 
or LPC662IN 

N08E 

Rail 

8-Pin 

Ceramic DIP 

LPC662AMJ/883 



Rail 
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Absolute Maximum Ratings (Note 3) 


If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Differential Input Voltage ± Supply Voltage 

Supply Voltage (V + - V“) 16V 


Output Short Circuit to V + (Note 1 1 ) 

Output Short Circuit to V~ (Note 1 ) 

Lead Temperature (Soldering, 10 sec.) 260°C 


Storage Temp. Range 

Junction Temperature 

ESD Rating (C = 100 pF, R = 1 .5 kO) 

Power Dissipation 

Current at Input Pin 

Current at Output Pin 

Current at Power Supply Pin 

Voltage at Input/Output Pin (V + ) + 


— 65°C to + 150°C 
150°C 
1000V 
(Note 2) 
, ±5mA 
±18 mA 
35 mA 
0.3V, (V-) -0.3V 


Operating Ratings (Note 3) 


Temperature Range 
LPC662AMJ/883 
LPC662AM 
LPC662AI 
LPC662I 
Supply Range 
Power Dissipation 


— 55°C £ Tj ^ -P 125°C 
-55°C<;Tj<; + 125°C 
— 40°C + 85°C 

-40 °C,S Jj ^ + 85°C 
4.75V to 15.5V 
(Note 9) 


Thermal Resistance (0ja) (Note 10) 

8-Pin Ceramic DIP 100°C/W 

8-Pin Molded DIP 101°C/W 

8-Pin SO 1 65°C/W 

8-Pin Side Brazed Ceramic DIP 1 00°C/W 


DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for Tj = 25°C. Boldface limits apply at the temperature extremes. V+ = 5V, 
V~ = 0V, Vqm = 1.5V, Vo = 2.5V and R|_ > 1M unless otherwise specified. 





LPC662AM 

LPC662AMJ/883 

Limit 

(Notes 4, 8) 

LPC662AI 

LPC662I 


Parameter 

Conditions 

Typ 

Limit 
(Note 4) 

Limit 
(Note 4) 

Units 

Input Offset Voltage 


1 

3 

3 

6 

mV 




3.5 

3.3 

6.3 

max 

Input Offset Voltage 
Average Drift 


1.3 


> 


j aV/°C 

Input Bias Current 


0.002 

20 



pA 




100 

4 

4 

max 

Input Offset Current 


0.001 

20 



pA 




100 

2 

2 

max 

Input Resistance 


>1 




Terafl 

Common Mode 

0V <; Vcm £ 12.0V 

83 

70 

70 

63 

dB 

Rejection Ratio 

V+ = 15V 


68 

68 

61 

min 

Positive Power Supply 

5V <; v+ <; 15V 

83 

70 

70 

63 

dB 

Rejection Ratio 

V 0 = 2.5V 


68 

68 

61 

min 

Negative Power Supply 

ov ^ v~ <; -lov 

94 

84 

84 

74 

dB 

Rejection Ratio 



82 

83 

73 

min 

Input Common-Mode 

V+ - 5V and 15V 

-0.4 

-0.1 

-o.i 

- 0.1 

V 

Voltage Range 

ForCMRR ^ 50 dB 


0 

0 

0 

max 



V+ - 1.9 

V+ - 2.3 

BBI 

V+ - 2.3 

V 


' 


V+ - 2.6 

ora 

V+ - 2.5 

min 
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DC Electrical Characteristics 





Unless otherwise specified, all limits guaranteed for Tj = 25°C. Boldface limits apply at the temperature extremes. V+ = 5V, 

V- = OV, V CM = 

1.5V, V 0 = 2.5V and R L > 

1 M unless otherwise specified. (Continued) 



Parameter 

Conditions 

Typ 

LPC662AM 

LPC662AMJ/883 

Limit 

(Notes 4, 8) 

LPC662AI 

Limit 

LPC662I 

Limit 

Units 




(Note 4) 

(Note 4) 


Large Signal 

R l = 100 kn (Note 5) 

1000 

400 

400 

300 

V/mV 

Voltage Gain 

Sourcing 


250 

300 

200 

min 


Sinking 

500 

180 

180 

90 

V/mV 


.. 


70 

120 

70 

min 


R L = 5 kit (Note 5) 

1000 

200 

200 

100 

V/mV 


Sourcing 


150 

160 

80 

min 


Sinking 

250 

100 

100 

50 

V/mV 




35 

60 

40 

min 

Output Swing 

> 

in 

II 

+ 

> 

4.987 

4.970 

4.970 

4.940 

V 


r l = iookntoV+/2 


4.950 

4.950 

4.910 

min 



0.004 

0.030 

0.030 

0.060 

V 




0.050 

0.050 

0.090 

max 


V+ = 5V 

4.940 

4.850 

4.850 

4.750 

V 


R l = 5katoV+/2 


4.750 

4.750 

4.65G 

min 



0.040 

0.150 

0.150 

0.250 

V 




0.250 

0.250 

0.350 

max 


V+ = 15V 

14.970 

14.920 

14.920 

14.880 

V 


R l = 100katoV+/2 


14.880 

14.880 

14.820 

min 



0.007 

0.030 

0.030 

0.060 

V 




0.050 

0.050 

0.090 

max 


V+ = 15V 

14.840 

14.680 

14.680 

14.580 

V 


R l = 5kfltoV+/2 


14.600 

14.600 

14.480 

min 



0.110 

0.220 

0.220 

0.320 

V 




0.300 

0.300 

0.400 

max 

Output Current 

Sourcing, Vo = 0V 

22 

16 

16 

13 

mA 

V+ = 5V 



12 

14 

11 

min 


Sinking, Vq = 5V 

21 

16 

16 

13 

mA 




12 

14 

11 

min 

Output Current 

Sourcing, Vo = 0V 

40 

19 

28 

23 

mA 

V+ = 15V 



19 

25 

20 

min 


Sinking, V 0 = 13V 

39 

19 

28 

23 

mA 


(Note 11) 


19 

24 

19 

min 

Supply Current 

Both Amplifiers 

86 

120 

120 

140 

jllA 


V 0 = 1.5V 


145 

140 

160 

max 
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AC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C. Boldface limits apply at the temperature extremes. V+ = 5V, 
V~ = OV, Vqm = 1.5V, Vq = 2.5V and Rl > 1M unless otherwise specified. 


Parameter 

Conditions 

Typ 

LPC662AM 

LPC662AMJ/883 

Limit 

(Notes 4, 8) 

LPC662AI 
Limit 
(Note 4) 

LPC662I 
Limit 
(Note 4) 

Units 

Slew Rate 

(Note 6) 

0.11 

0.07 

0.07 

0.05 

V/jLtS 

min 

0.04 

0.05 

0.03 

Gain-Bandwidth Product 


0.35 




MHz 

Phase Margin 


50 




Deg 

Gain Margin 


17 




dB 

Amp-to-Amp Isolation 

(Note 7) 

130 




dB 

Input Referred Voltage Noise 


42 




nVA/Hz 

Input Referred Current Noise 


0.0002 




pA/VHz 

Total Harmonic Distortion 

F = 1 kHz, A v = -10, V+ = 15V 

r l = ioo kn, v 0 = 8 Vpp 

0.01 




% 


Note 1: Applies to both single supply and split supply operation. Continuous short circuit operation at elevated ambient temperature and/or multiple Op Amp shorts 
can result in exceeding the maximum allowed junction temperature of 150°C. Output currents in excess of ±30 mA over long term may adversely affect reliability. 
Note 2: The maximum power dissipation is a function of Tj( ma x). 0ja. and T*. The maximum allowable power dissipation of any ambient temperature is 
Pd = (Tj(max) “ t a)/0JA- 

Note 3: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 

Note 4: Limits are guaranteed by testing or correlation. 

Note 5: V + = 15V, Vqm - 7.5V and Rl connected to 7.5V. For Sourcing tests, 7.5V £ Vo ^ 11.5V. For Sinking tests, 2.5V ^ Vo ^ 7.5V. 

Note 6: V + = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 

Note 7: Input referred. V + = 15V and Rl = 100 kft connected to V + /2. Each amp excited in turn with 1 kHz to produce Vo = 13 Vpp. 

Note 8: A military RETS electrical test specification is available on request. At the time of printing, the LPC662AMJ/883 RETS specification complied fully with the 
boldface limits in this column. The LPC662AMJ/883 may also be procured to a Standard Military Drawing specification. 

Note 9: For operating at elevated temperatures the device must be derated based on the thermal resistance 0 ja with Pd = (Tj - Ta)/0ja- 
Note 10: All numbers apply for packages soldered directly into a PC board. 

Note 11: Do not connect output to V+ when V+ is greater than 13V or reliability may be adversely affected. 
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CROSSTALK REJECTION (dB) OUTPUT VOLTAGE REFERENCED TO GROUND (V) SUPPLY CURRENT (/iA) 


Typical Performance Characteristics Vs = ± 7.5V, Ta = 25°C unless otherwise specified 


Supply Current vs 
Supply Voltage 



0 2 4 6 8 10 12 14 16 

SUPPLY VOLTAGE (V) 


Input Bias Current 
vs Temperature 



-75-50-25 0 25 50 75 100125 150 
TEMPERATURE (°C) 


Input Common-Mode 
Voltage Range vs 
Temperature 



TEMPERATURE (°C) 


Output Characteristics 
Current Sinking 



0.001 0.01 0.1 1 10 100 


OUTPUT SINK CURRENT (mA) 


Output Characteristics 
Current Sourcing 



0.001 0.01 0.1 1 10 100 


OUTPUT SOURCE CURRENT (mA) 


Input Voltage Noise 
vs Frequency 



10 100 Ik 10k 100k 


Crosstalk Rejection 
vs Frequency 



10 100 Ik 10k 100k 


CMRR vs Frequency 



10 100 Ik 10k 100k 1M 


CMRR vs Temperature 



-75 -25 25 75 125 

TEMPERATURE (°C) 


Power Supply Rejection 
Ratio vs Frequency 



10 100 Ik 10k 100k 1M 
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Typical Performance Characteristics Vs ^ ± 7.5V, Ta = 25°C unless otherwise specified (Continued) 


Open-Loop Voltage Gain 
vs Temperature 



-75 -25 25 75 125 

TEMPERATURE (°C) 


Open-Loop 
Frequency Response 



-20 I I 1 1 I I I 1 & 1 

0.010.1 1 10 100 Ik lOklOOkIM 10M 


Gain and Phase Responses 
vs Load Capacitance 


i 

-+■■■ — 56pF, lOOpF- 

= S * 5 PHASE ' * A = lOOpF^p 

Ik 10k 100k 

FREQUENCY (Hz) 


Gain and Phase Responses 
vs Temperature 


ran 8 

Holr +25°C 45 o 


+25°C|||||| / 
III + 125°C 


i i u.iuiii i n min l. li iijUI _go 

Ik 10k 100k 1M 10M 


Gain Error 
(Vqs vs Vqut) 



-10 -7.5 -5 -2,5 0 2.5 5 7.5 10 

V QUT (VOLTS) 


Non-Inverting Slew Rate 
vs Temperature 



TEMPERATURE (°C) 


Inverting Slew Rate 
vs Temperature 



Large-Signal Pulse 
Non-Inverting Response 
(A v = +1) 



TEMPERATURE (°C) 


0 20406080100120140160180 
TIME ins) 


Non-Inverting Small 
Signal Pulse Response 
<A V = +1) 



0 24 6 8 10 12 14 16 
TIME (ms) 


Inverting Large-Signal 
Pulse Response 



0 20 40 60 80 100 120 140 

TIME (ms) 


Inverting Small-Signal 
Pulse Response 



0 2 4 6 8 10 12 14 16 18 
TIME (ms) 


1-950 



Typical Performance Characteristics v s = ± 7.5v,t a = 25 °c (Continued) 



-10 - 0.1 - 0.001 0.001 0.1 10 
-1 - 0.01 0 0.01 1 
SINKING SOURCING 

LOAD CURRENT (rnA) 

TL/H/1 0548-4 

Note: Avoid resistive loads of less than 500H, as they may cause instability. 

Application Hints 

AMPLIFIER TOPOLOGY 

The topology chosen for the LPC662 is unconventional 
(compared to general-purpose op amps) in that the tradi- 
tional unity-gain buffer output stage is not used; instead, the 
output is taken directly from the output of the integrator, to 
allow rail-to-rail output swing. Since the buffer traditionally 
delivers the power to the load, while maintaining high op 
amp gain and stability, and must withstand shorts to either 
rail, these tasks now fall to the integrator. 

As a result of these demands, the integrator is a compound 
affair with an embedded gain stage that is doubly fed for- 
ward (via Cf and Cff) by a dedicated unity-gain compensa- 
tion driver. In addition, the output portion of the integrator is 
a push-pull configuration for delivering heavy loads. While 
sinking current the whole amplifier path consists of three 
gain stages with one stage fed forward, whereas while 
sourcing the path contains four gain stages with two fed 
forward. 



FIGURE 1. LPC662 Circuit Topology (Each Amplifier) 



-10 - 0.1 - 0.001 0.001 0.1 10 
-1 - 0.01 0 0.01 1 
SINKING SOURCING 

LOAD CURRENT (mA) 

TL/H/1 0548-5 


The large signal voltage gain while sourcing is comparable 
to traditional bipolar op amps for load resistance of at least 
5 kft. The gain while sinking is higher than most CMOS op 
amps, due to the additional gain stage; however, when driv- 
ing load resistance of 5 kit or less, the gain will be reduced 
as indicated in the Electrical Characteristics. The op amp 
can drive load resistance as low as 50011 without instability. 

COMPENSATING INPUT CAPACITANCE 

Refer to the LMC660 or LMC662 datasheets to determine 
whether or not a feedback capacitor will be necessary for 
compensation and what the value of that capacitor would 
be. 

CAPACITIVE LOAD TOLERANCE 

Like many other op amps, the LPC662 may oscillate when 
its applied load appears capacitive. The threshold of oscilla- 
tion varies both with load and circuit gain. The configuration 
most sensitive to oscillation is a unity-gain follower. See the 
Typical Performance Characteristics. 

The load capacitance interacts with the op amp’s output 
resistance to create an additional pole. If this pole frequen- 
cy is sufficiently low, it will degrade the op amp’s phase 
margin so that the amplifier is no longer stable at low gains. 
The addition of a small resistor (50a to 10011) in series with 
the op amp’s output, and a capacitor (5 pF to 1 0 pF) from 
inverting input to output pins, returns the phase margin to a 
safe value without interfering with lower-frequency circuit 
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Application Hints (Continued) 

operation. Thus, larger values of capacitance can be tolerat- 
ed without oscillation. Note that in all cases, the output will 
ring heavily when the load capacitance is near the threshold 
for oscillation. 

lOOkfl 



Capacitive load driving capability is enhanced by using a 
pull up resistor to V+ (Figure 2b). Typically a pull up resistor 
conducting 50 fiA or more will significantly improve capaci- 
tive load responses. The value of the pull up resistor must 
be determined based on the current sinking capability of the 
amplifier with respect to the desired output swing. Open 
loop gain of the amplifier can also be affected by the pull up 
resistor (see Electrical Characteristics). 


v+ 



TL/H/1 0548-26 

FIGURE 2b. Compensating for Large 
Capacitive Loads with A Pull Up Resistor 


PRINTED-CIRCUIT-BOARD LAYOUT 
FOR HIGH-IMPEDANCE WORK 

It is generally recognized that any circuit which must oper- 
ate with less than 1 000 pA of leakage current requires spe- 
cial layout of the PC board. When one wishes to take advan- 
tage of the ultra-low bias current of the LPC662, typically 
less than 0.04 pA, it is essential to have an excellent layout. 
Fortunately, the techniques for obtaining low leakages are 
quite simple. First, the user must not ignore the surface 
leakage of the PC board, even though it may sometimes 
appear acceptably low, because under conditions of high 
humidity or dust or contamination, the surface leakage will 
be appreciable. 

To minimize the effect of any surface leakage, lay out a ring 
of foil completely surrounding the LPC662’s inputs and the 
terminals of capacitors, diodes, conductors, resistors, relay 
terminals, etc. connected to the op-amp’s inputs. See Fig- 
ure 3. To have a significant effect, guard rings should be 
placed on both the top and bottom of the PC board. This PC 
foil must then be connected to a voltage which is at the 
same voltage as the amplifier inputs, since no leakage cur- 
rent can flow between two points at the same potential. For 
example, a PC board trace-to-pad resistance of 1012 ohms, 
which is normally considered a very large resistance, could 
leak 5 pA if the trace were a 5V bus adjacent to the pad of 
an input. This would cause a 100 times degradation from 
the LPC662’s actual performance. However, if a guard ring 
is held within 5 mV of the inputs, then even a resistance of 
ion 0 hms would cause only 0.05 pA of leakage current, or 
perhaps a minor (2:1) degradation of the amplifier’s per- 
formance. See Figures 4a, 4b, 4c for typical connections of 
guard rings for standard op-amp configurations. If both in- 
puts are active and at high impedance, the guard can be 
tied to ground and still provide some protection; see 
Figure 4d. 



TL/H/1 0548- 19 


FIGURE 3. Example of Guard Ring in P.C. Board Layout, using the LPC660 
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Application Hints (Continued) 



R2 



- * 

i 

VS/Sr— i 

Pv 

| W* 1 H 

i 


■ZT Guard Ring 

» 


INPUT — | — 

h — 

i 

— * 



-OUTPUT 


TL/H/1 0548-21 


(a) Inverting Amplifier 


(b) Non-Inverting Amplifier 


R3 


INPUT 



OUTPUT 


TL/H/1 0548-22 


(c) Follower 



FIGURE 4. Guard Ring Connections 


The designer should be aware that when it is inappropriate 
to lay out a PC board for the sake of just a few circuits, there 
is another technique which is even better than a guard ring 
on a PC board: Don’t insert the amplifier’s input pin into the 
board at all, but bend it up in the air and use only air as an 
insulator. Air is an excellent insulator. In this case you may 
have to forego some of the advantages of PC board con- 
struction, but the advantages are sometimes well worth the 
effort of using point-to-point up-in-the-air wiring. See 
Figure 5. 

FEEDBACK 

CAPACITOR 


BIAS CURRENT TESTING 

The test method of Figure 6 is appropriate for bench-testing 
bias current with reasonable accuracy. To understand its 
operation, first close switch S2 momentarily. When S2 is 
opened, then 

_ fjYoyi x C2. 
dt 



(Input pins are lifted out of PC board and soldered directly to components. 
All other pins connected to PC board.) 

FIGURE 5. Air Wiring 
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Application Hints (Continued) 

A suitable capacitor for C2 would be a 5 pF or 1 0 pF silver 
mica, NPO ceramic, or air-dielectric. When determining the 
magnitude of l~, the leakage of the capacitor and socket 
must be taken into account. Switch S2 should be left short- 
ed most of the time, or else the dielectric absorption of the 
capacitor C2 could cause errors. 

Typical Single-Supply Applications <v + 

Photodiode Current-to-Voltage Converter 


+5V 



Note: A 5V bias on the photodiode can cut its capacitance by a factor of 2 or 
3, leading to improved response and lower noise. However, this bias on the 
photodiode will cause photodiode leakage (also known as its dark current). 


Similarly, if SI is shorted momentarily (while leaving S2 
shorted) 

l+= ^T x(C1+C y 

where C x is the stray capacitance at the + input. 

5.0 V DC ) 

Micropower Current Source 

LM385 (1.2V) 



TL/H/10548-18 

(Upper limit of output range dictated by input common-mode range; lower 
limit dictated by minimum current requirement of LM385.) 


Low-Leakage Sample-and-Hold 



TL/H/1 0548-8 


Instrumentation Amplifier 



If R1 - R5, R3 = R6 and R4 = R7; then 
VpUT R2 + 2R1 R4 
V| N R2 X R3 

Av ~ 100 for circuit shown. 

For good CMRR over temperature, low drift resis- 
tors should be used. Matching of R3 to R6 and 
R4 to R7 affects CMRR. Gain may be adjusted 
through R2. CMRR may be adjusted through R7. 
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Typical Single-Supply Applications <v' = 5.0 v DC ) (continued) 

Sine-Wave Oscillator 



Oscillator frequency is determined by R1, R2, Cl, and C2: 

fosc ~ 1/2irRC 

where R = R1 - R2 and C = Cl = C2. 

This circuit, as shown, oscillates at 2.0 kHz with a peak-to- 
peak output swing of 4.5V 


1 Hz Square-Wave Oscillator 
R4 



Power Amplifier 


R4 



TL/H/10548-12 
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Typical Single-Supply Applications <v + = 5.0 vec) (continued) 

10 Hz Bandpass Filter 10 Hz High-Pass Filter (2 dB Dip) 




Gain = -8.8 TL/H/ 10548- 13 


1 Hz Low-Pass Filter (Maximally Flat, Dual Supply Only) 


R1 R4 



High Gain Amplifier with Offset Voltage Reduction 


R3 



Gain = -46.8 TL/H/10548-16 


Output offset voltage reduced to the 
level of the input offset voltage of 
the bottom amplifier (typically 1 mV), 
referred to Vbias- 


1-956 




National 


Semiconductor 


OP-07 Low Offset, Low Drift Operational Amplifier 


General Description 

The OP-07 has very low input offset voltage which is ob- 
tained by trimming at the wafer stage. These low offset volt- 
ages generally eliminate any need for external nulling. The 
OP-07 also features low input bias current and high open- 
loop gain. The low offsets and high open-loop gain make 
the OP-07 particularly useful for high-gain applications. 

The wide input voltage range of ± 1 3V minimum combined 
with high CMRR of 110 dB and high input impedance pro- 
vide high accuracy in the non-inverting circuit configuration. 
Excellent linearity and gain accuracy can be maintained 
even at high closed-loop gains. 

Stability of offsets and gain with time or variation in temper- 
ature is excellent. 

The OP-07 is available in TO-99 metal can, ceramic or 
molded DIP. 

For improved specifications, see the LM607. 


Features 


■ LOW Vqs 

75 jmV Max 

■ Low Vos Drift 

0.6 ju,V/°C Max 

■ Ultra-Stable vs Time 

1.0 jaV/Month Max 

■ Low Noise 

0.6 jutVp-p Max 

■ Wide Input Voltage Range 

± 14V 

■ Wide Supply Voltage Range 

±3V to ± 18V 

■ Fits 725/108A/308A, 741, AD510 Sockets 

■ Replaces the ju,A714 



Applications 

■ Strain Gauge Amplifiers 

■ Thermocouple Amplifiers 

■ Precision Reference Buffer 

■ Analog Computing Functions 


Connection Diagram 


Dual-ln-Line Package 


1 



8 

TRIM — 
2 


k 

— V os TRIM 

-IN — 

— 


— V+ 

+IN — 

— 


— OUT 

V- — 



— N.C. 


See NS Package Number N08E 


TL/H/10550-1 


Ordering Information 


T A = 25°C 
V 0S Max 
(/xV) 

N08E 

Plastic 

Operating 

Temperature 

Range 

75 

OP07EP 

COM 

150 

OP07CP 

COM 

150 

OP07DP 

COM 


♦Also available per SMD #8203602 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage ±22 V 

Internal Power Dissipation (Note 5) 500 mW 

Differential Input Voltage ± 30V 

Input Voltage (Note 6) ± 22V 

Output Short-Circuit Duration Continuous 


Simplified Schematic 


Storage T emperature Range - 65°G to + 1 50°C 

Lead Temperature (Soldering, 60 sec.) 260°C 

Junction T emperature - 65°C to + 1 50°C 

Operating Temperature Range 

OP-07E, OP-07C, OP-07D 0°C to + 70°C 
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Electrical Characteristics 








1 Unless otherwise specified, Vs = 

±15V, Ta = 25°C. Boldface type refers to limits over 0°C ^ Ta ^ 70°C 




Parameter 

Conditions 

OP-07E 

OP-07C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 





v os 

Input Offset Voltage 

(Note 1) 


30 

75 


60 

150 






45 

130 


85 

250 

Vos/t 

Long-Term Vqs 

Stability 

(Note 2) 


0.3 

1.5 


0.4 

2.0 

ju,V/Mo 

•os 

Input Offset Current 



0.5 

3.8 


0.8 

6.0 

nA 





0.9 

5.3 


1.6 

8.0 

•b 

Input Bias Current 



±1.2 

±4.0 


±1.8 

±7.0 

nA 





± 1.5 

± 5.5 


± 2.2 

± 9.0 

E 




0.35 

0.6 


0.38 

0.65 

M-Vp-p 

e n 

Input Noise Voltage 

N 

X 

o 

II 

o 


10.3 

18.0 


10.5 

20.0 



Density 

f 0 = 100 Hz (Note 3) 


10.0 

13.0 


10.2 

13.5 

nV/>/Hz 



f 0 = 1000 Hz 


9.6 

11.0 


9.8 

11.5 


'np-p 

Input Noise Current 

0.1 Hz to 10 Hz (Note 3) 


14 

30 


15 

35 

Q. 

CL 

< 

CL 

*n 

Input Noise Current 

N 

X 

o 

II 

o 


0.32 

0.80 


0.35 

0.90 



Density 

f 0 = 100 Hz (Note 3) 


0.14 

0.23 


0.15 

0.27 

pA/yjHz 



f 0 = 1000 Hz 


0.12 

0.17 


0.13 

0.18 


Rin 

Input Resistance 
Differential-Mode 

(Note 4) 

15 

50 


8 

33 


M Ct 

Rincm 

Input Resistance 
Common-Mode 



160 



120 


GCL 

IVR 

Input Voltage Range 


±13.0 

±14.0 


±13 

±14 


V 

CMRR 

Common-Mode 

V C M ~ -13V 

106 

123 


100 

120 


dB 


Rejection Ratio 


103 

123 


97 

120 


PSRR 

Power Supply 

V s = ±3V to +18V 


5 

20 


7 

32 

jaV/V 


Rejection Ratio 

V s = ±3V to ± 18V 


7 

32 


10 

51 

Avo 

Large Signal 

R l ^ 2kn,V 0 = ±10V 

200 

500 


120 

400 




Voltage Gain 

R l ^ 2 kH 

180 

450 


100 

400 


V/mV 



R l ^ 500H, Vo = ±0.5V, 
V s = ± 3V (Note 4) 

150 

400 


100 

400 



v 0 

Output Voltage Swing 

R l ^ 10 kO 

±12.5 

±13.0 


±12.0 

±13.0 





R L ^ 2 kO 

±12.0 

±12.8 


±11.5 

±12.8 





R l ^ 2 kO 

± 12.0 

± 12.6 


± 11.0 

± 12.6 





R L ^ 1 kO 

±10.5 

±12.0 



±12.0 



SR 

Slew Rate 

R L ^ 2 kO (Note 3) 

0.1 

0.3 


0.1 

0.3 


V/jms 

BW 

Closed-Loop Bandwidth 

A V cl = + 1 (Note 3) 

0.4 

0.6 


0.4 

0.6 


MHz 

Ro 

Output Resistance 

< 

o 

II 

p 

o 

II 

o 


60 



60 


a 

Pd 

Power Consumption 

V s = ± 15V, No Load 


75 

120 


80 

150 

mW 



V s = ±3V, No Load 


4 

6 


4 

8 


Offset Adj. Range 

Rp = 20 kfl 


±4 



±4 


mV 

TCVqs 

Average Input Offset 
Voltage Drift Without 
External Trim 

(Note 4) 


0.3 

1.3 


0.5 

1.8 

JLtV/°C 

TCVos n 

With External Trim 

R P = 20 kfi (Note 4) 


0.3 

1.3 


0.4 

1.6 


TCIos 

Average Input Offset 
Current Drift 

(Note 3) 


8 

35 


12 

50 

pA/°C 

tci b 

Average Input Bias 
Current Drift 

(Note 3) 

i 

13 

35 


18 

50 

pA/°C 

1 
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Electrical Characteristics 






Unless otherwise specified, Vs = ±15V, Ta = 25°C. Boldface type refers to limits over 0°C ^ Ta ^ 

+ 70°C 


Symbol 

Parameter 

Conditions 

OP-07D 

Units 

Min 

mam 

Max 





Vos 

Input Offset Voltage 

(Note 1) 



150 

M'V 





'wEM 

250 

Vos/t 

Long-Term Vqs Stability 

(Note 2) 


0.5 

3.0 

julV/Mo 

■os 

Input Offset Current 




6.0 

nA 






8.0 

•b 

Input Bias Current 



±2.0 

±12.0 

nA 





±3.0 

±14.0 

e np-p 

Input Noise Voltage 

0.1 Hz to 10 Hz (Note 3) 


0.38 

0.65 

JuVp-p 

e n 

Input Noise Voltage Density 

f 0 = 10 Hz 


10.5 

20.0 




f 0 = 100 Hz (Note 3) 


10.3 

13.5 

nV/VFE 



f 0 = 1000 Hz 


9.8 

11.5 



Input Noise Current 

0.1 Hz to 10 Hz (Note 3) 


15 

35 

pAp-p 

■■ 

Input Noise Current Density 

f 0 = 10 Hz 


0.35 

0.90 

pA/VHz 



f 0 = 100 Hz (Note 3) 


0.15 

0.27 


■ ■ 


f 0 = 1000 Hz 


0.13 

0.18 


Rin 

Input Resistance Differential-Mode 

(Note 4) 

7 

31 


Mil 

r incm 

Input Resistance Common-Mode 



120 


Gft 

IVR 

Input Voltage Range 



±14 


V 

CMRR 

Common-Mode 

V C M= ±13V 

n 

110 


dB 


Rejection Ratio 


mSm 

106 


PSRR 

Power Supply 

V s = ±3Vto ±18V 


mm 

32 

1 nV/V 


Rejection Ratio 



HB 

51 


Avo 

Large Signal 

R L £ 2kav 0 = ±10V 

120 

400 




Voltage Gain 

R L = 2 kfl, V 0 = ± 10V 
r l ;> 500n,v o = ± o.5V, 
V s ±3V (Note 4) 

100 

400 

400 


V/mV 

v 0 

Output Voltage Swing 

r l ;> io kn 

±12.0 

ESI 





Rl ^ 2 kft 

±11.5 

EH 


w 



R L ^ 2 kft 

±11.0 

±12.6 


v 



R|_ ^ 1 kft 


±12.0 



SR 

Slew Rate 

R L ^ 2 kfl (Note 3) 

0.1 

0.3 


V/jLlS 

BW 

Closed-Loop Bandwidth 

Avcl = +1 (Note 3) 

0.4 

0.6 


MHz 

RO 

Output Resistance 

o 

II 

.O 

o" 

II 


60 


n 

Pd 

Power Consumption 

V s = ± 15V, No Load 




mW 



V s = ± 3V, No Load 


| 



Offset Adj. Range 

R P = 20 k SI 


±4 


mV 

TCVos 

Average Input Offset 

Voltage Drift Without 

External Trim 

(Note 4) 

■ 

■ 

B 

ju,V/°C 

TCVos n 

With External Trim 

R P = 20 k(l (Note 4) 

| HI 

ESI 


jutV/°C 

TGIos 

Average Input Offset Current Drift 

(Note 3) 


12 

50 

pA/°C 

tci b 

Average Input Bias Current Drift 

(Note 3) 


18 

50 

pA/°C 

Note 1: Vqs is measured approximately 0.5 second after application of power. 





Note 2: Long-Term Offset Voltage Stability refers to the averaged trend line of Vqs vs Time over extended periods after the first 30 days of operation. Excluding 

the initial hour of operation, changes in Vqs during the first 30 operating days are typically 2.5 /xV. Parameter is sample tested. 



Note 3: Sample Tested. 

Note 4: Guaranteed by design. 
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OP-07 



TL.081 


Na t ion a l Semiconductor 


TL081 Wide Bandwidth JFET 
Input Operational Amplifier 

General Description 

The TL081 is a low cost high speed JFET input operational 
amplifier with an internally trimmed input offset voltage 
(BI-FET ||tm technology). The device requires a low supply 
current and yet maintains a large gain bandwidth product 
and a fast slew rate. In addition, well matched high voltage 
JFET input devices provide very low input bias and offset 
currents. The TL081 is pin compatible with the standard 
LM741 and uses the same offset voltage adjustment circuit- 
ry. This feature allows designers to immediately upgrade the 
overall performance of existing LM741 designs. 

The TL081 may be used in applications such as high speed 
integrators, fast D/A converters, sample-and-hold circuits 
and many other circuits requiring low input offset voltage, 
low input bias current, high input impedance, high slew rate 
and wide bandwidth. The devices has low noise and offset 
voltage drift, but for applications where these requirements 


Typical Connection 



are critical, the LF356 is recommended. If maximum supply 
current is important, however, the TL081C is the better 
choice. 


Features 

■ Internally trimmed offset voltage 15 mV 

■ Low input bias current 50 pA 

■ Low input noise voltage 25 nV/VHz 

■ Low input noise current 0.01 pA/VHz 

■ Wide gain bandwidth 4 MHz 

■ High slew rate 13V/ju,s 

■ Low supply current 1 .8 mA 

■ High input impedance 1012ft 

■ Low total harmonic distortion Av = 10, <0.02% 

R L = 10k, V 0 = 20 Vp-p, 

BW = 20 Hz -20 kHz 

■ Low 1 /f noise corner 50 Hz 

■ Fast settling time to 0.01 % 2 ju,s 

Simplified Schematic 


Connection Diagram 



Dual-In-Line Package 



Order Number TL081CP 
See NS Package Number N08E 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage ± 1 8V 

Power Dissipation (Notes 1 and 6) 670 mW 

Operating Temperature Range 0°C to + 70°C 

T j(MAX) 

Differential Input Voltage 


Input Voltage Range (Note 2) ± 1 5V 

Output Short Circuit Duration Continuous 

Storage T emperature Range — 65°C to + 1 50°C 

Lead Temp. (Soldering, 10 seconds) 260°C 

0 jA 120°C/W 

ESD rating to be determined. 


1 15°C 
±30V 


DC Electrical Characteristics (Note 3) 


Symbol 

Parameter 

Conditions 

TL081C 

Units 

Min 

Typ 

Max 





Vos 

Input Offset Voltage 

R s = 10kft,T A = 25°C 


5 

15 

mV 



Over Temperature 



20 

mV 

AVqs/AT 

Average TC of Input Offset 

Voltage 

R s = 10kft 


10 


jaV/°C 

•os 

Input Offset Current 

Tj = 25°C, (Notes 3, 4) 


25 

100 

PA 



Tj <; 70°C 



4 

nA 

Ib 

Input Bias Current 

Tj = 25°C, (Notes 3, 4) 


50 

200 

PA 



Tj ^ 70°C 



8 

nA 

Rin 

Input Resistance 

Tf = 25°C 


1012 


ft 

AvOL 

Large Signal Voltage Gain 

V s = +15V, T a = 25°C 

V 0 = ±10V, R l = 2kft 

25 

100 


V/mV 



Over Temperature 

15 



V/mV 

Vo 

Output Voltage Swing 

V S = ±15V, R l = lOkft 

±12 

±13.5 


V 

VcM 

Input Common-Mode Voltage 

V s = ± 15V 

+ 11 

+ 15 


V 


Range 

-12 


V 

CMRR 

Common-Mode Rejection Ratio 

R s ^ lOkft 

70 

100 


dB 

PSRR 

Supply Voltage Rejection Ratio 

(Note 5) 

70 

100 


dB 

>S 

Supply Current 



1.8 

2.8 

mA 


AC Electrical Characteristics (Note 3) 


Symbol 


Parameter 


Conditions 


TL081C 


Min 


Typ 


Max 


Units 


SR 


Slew Rate 


V s = ±15V,T A = 25°C 


13 


V//xs 


GBW 


Gain Bandwidth Product 


V s = ±15 V,T a = 25°C 


MHz 


Equivalent Input Noise Voltage 


T a = 25°C, R s = 100ft, 
f = 1000 Hz 


25 


nV/VHz 


Equivalent Input Noise Current 


Tj = 25°C,f = 1000 Hz 


0.01 


pA/Vfiz 


Note 1: For operating at elevated temperature, the device must be derated based on a thermal resistance of 120°C/W junction to ambient for N package. 

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 3: These specifications apply for Vs = ±15V and 0°C ^T A £ + 70°C. Vos. and I os are measured at Vqm = 0. 

Note 4: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to the limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pp. Tj = T A + 0j A P D where 0j A is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 5: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice from 
V s = ±5V to ± 15V. 

Note 6: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate 
outside guaranteed limits. 
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POSITIVE COMMONAIODE INPUT 

UNITY GAIN BANDWIDTH (MHz) NEGATIVE OUTPUT VOLTAGE SWING (V) VOLTAGE LIMIT (V) INPUT BIAS CURRENT (pA) 







Typical Performance Characteristics (Continued) 


Distortion vs Frequency 

* 2 1 . » ' i i rn n 



it ito ik iik wk 


Undistorted Output Voltage 
Swing 



10k 110k 1M 


Open Loop Frequency 
Response 



1 10 IN Ik 10k ION 1M 10M 


FREQUENCY (Hi) 


FREQUENCY (Hi) 


FREQUENCY (Hi) 


Common-Mode Rejection 
Ratio 



Power Supply Rejection 



10 100 IK 10k 100k 1M 10M 

FREQUENCY (Hi) 


Equivalent Input Noise 
Voltage 



10 100 Ik 10k 100k 

FflEQUENCY(Hz) 


Open Loop Voltage Gain (V/V) 



5 10 IS 20 


SUPFLY VOLTAGE (±V) 



Inverter Settling Time 


> 

> 

m 

i 

0 

at 

1 

Ul 

3 

I 

K» 

| 




III 

imri 

m 



Kt 

W/M 


3 


m 



III 

!i'IC 




Hill 



III 

IIIIH 




Hill 



III 

l!« 




iiiii 



m 

« 




mu 



hi 

lli\l 




iiiii 




\\m 




mil 


0.1 1 

SETTLING TIME Od) 


TL/H/8358-6 
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TL081 


Pulse Response 


Small Signal Inverting 



TIME (0.2 ps/DIV) 


Small Signal Non-Inverting 



TIME (0.2 jus/DIV) 


TL/H/8358-7 


Large Signal Inverting 



TIME (2 jus/DIV) 


TL/H/8358-14 


TL/H/8358-13 

Large Signal Non-Inverting 



TIME (2 ms/DI V) 


TL/H/8358-15 


Current Limit (Rl = 100ft) 



TIME (5 ms/DIV) 


TL/H/8358-16 


Application Hints 

The TL081 is an op amp with an internally trimmed input 
offset voltage and JFET input devices (BI-FET II). These 
JFETs have large reverse breakdown voltages from gate to 
source and drain eliminating the need for clamps across the 
inputs. Therefore, large differential input voltages can easily 
be accommodated without a large increase in input current. 
The maximum differential input voltage is independent of 
the supply voltages. However, neither of the input voltages 
should be allowed to exceed the negative supply as this 


will cause large currents to flow which can result in a de- 
stroyed unit. 

Exceeding the negative common-mode limit on either input 
will force the output to a high state, potentially causing a 
reversal of phase to the output. 

Exceeding the negative common-mode limit on both inputs 
will force the amplifier output to a high state. In neither case 
does a latch occur since raising the input back within the 


1-966 



Application Hints (Continued) 

common-mode range again puts the input stage and thus 
the amplifier in a normal operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output; however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

The amplifier will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 

The TL081 is biased by a zener reference which allows nor- 
mal circuit operation on ±4V power supplies. Supply volt- 
ages less than these may result in lower gain bandwidth and 
slew rate. 

The TL081 will drive a 2 kfl load resistance to ± 1 0V over 
the full temperature range of 0°C to + 70°C. If the amplifier 
is forced to drive heavier load currents, however, an in- 
crease in input offset voltage may occur on the negative 
voltage swing and finally reach an active current limit on 
both positive and negative swings. 

Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in po- 
larity or that the unit is not inadvertently installed backwards 
in a socket as an unlimited current surge through the 

Detailed Schematic 


resulting forward diode within the 1C could cause fusing of 
the internal conductors and result in a destroyed unit. 
Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately 6 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 
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Typical Applications 


Supply Current Indicator/Limiter 



TL/H/8358-9 

• Vqut switches high when RsIs > Vq 


Hi-Z|N Inverting Amplifier 


C2 



Parasitic input capacitance Cl = (3 pF for TL081 plus any additional 
layout capacitance) interacts with feedback elements and creates un- 
desirable high frequency pole. To compensate, add C2 such that: 
R2C2 « R1C1. 


Ultra-Low (or High) Duty Cycle Pulse 
Generator 



4.8 - 2Vg 

• toUTPUTHIGH ~ R1C £ n — 

2Vc - 7.8 

• toUTPUT LOW ~ R2C / n — — 7 g - 

where Vg = V+ + |V~| 

*low leakage capacitor 


Long Time Integrator 


v + 



i t2 

rc/ V|n 

l 1 


DIT 


TL/H/8358-12 


* Low leakage capacitor 

• 50k pot used for less sensitive Vqs adjust 
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National Semiconductor 


TL082 Wide Bandwidth Dual 
JFET Input Operational Amplifier 


General Description 

These devices are low cost, high speed, dual JFET input 
operational amplifiers with an internally trimmed input offset 
voltage (BI-FET I|tm technology). They require low supply 
current yet maintain a large gain bandwidth product and fast 
slew rate. In addition, well matched high voltage JFET input 
devices provide very low input bias and offset currents. The 
TL082 is pin compatible with the standard LM1558 allowing 
designers to immediately upgrade the overall performance 
of existing LM1558 and most LM358 designs. 

These amplifiers may be used in applications such as high 
speed integrators, fast D/A converters, sample and hold 
circuits and many other circuits requiring low input offset 
voltage, low input bias current, high input impedance, high 
slew rate and wide bandwidth. The devices also exhibit low 
noise and offset voltage drift. 


Features 


Internally trimmed offset voltage 

15 mV 

Low input bias current 

50 pA 

Low input noise voltage 

16nV/t/Hz 

Low input noise current 

0.01 pA/i/Hz 

Wide gain bandwidth 

4 MHz 

High slew rate 

13 V/jas 

Low supply current 

3.6 mA 

High input impedance 

1012ft 

Low total harmonic distortion Ay = 10, 
R l = 10k, V 0 = 20 Vp - p, 

BW = 20 Hz -20 kHz 

<0.02% 

Low 1 /f noise corner 

50 Hz 

Fast settling time to 0.01 % 

2 jas 


Typical Connection 


Connection Diagram 

DIP/SO Package (Top View) 



INVERTING INPUT A 


NON-INVERTING 
INPUT A 



Order Number TL082CM or TL082CP 
See NS Package Number M08A or N08E 


Simplified Schematic 



TL/H/8357-2 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage ± 1 8V 

Power Dissipation (Note 1 ) 

Operating T emperature Range 0°C to + 70°C 

Tj(MAX) 1 50°C 

DC Electrical Characteristics (Note 4) 


Differential Input Voltage 
Input Voltage Range (Note 2) 

Output Short Circuit Duration 
Storage Temperature Range 
Lead Temp. (Soldering, 10 seconds) 
ESD rating to be determined. 


±30V 
±15V 
Continuous 
— 65°Cto -M50°C 
260°C 


Symbol 

Parameter 

Conditions 

TL082C 

Units 

Min 

Typ 

Max 

v OS 

Input Offset Voltage 

R s = 10kft,T A = 25°C 


5 

15 

mV 



Over Temperature 



20 

mV 

AV 0S /AT 

Average TC of Input Offset 

R s = 10kft 


10 


Ml 


Voltage 





■M 

>OS 

Input Offset Current 

Tj = 25°C, (Notes 4, 5) 


25 


H 



Tj ^ 70°C 





Ib 

Input Bias Current 

Tj = 25°C, (Notes 4, 5) 


50 

400 

PA 



Tj £ 70°C 



8 

nA 

Rin 

Input Resistance 

Tj = 25°C 




n 

a vol 

Large Signal Voltage Gain 

V s = ±15 V,T a = 25°C 

25 


agii 

V/mV 



V 0 = ±10V, R L = 2kft 


1 

i 




Over Temperature 

15 


m 

V/mV 

v O 

Output Voltage Swing 

V s = ±15V, Rj_ = 10 ka 

±12 

UlEI 


v 

V CM 

Input Common-Mode Voltage 

V S =±15V 

±11 





Range 



■9 





R s ^ 10 kH 

70 

100 


dB 


Supply Voltage Rejection Ratio 

(Note 6) 

70 

100 


dB 

Is 

Supply Current 



3.6 

5.6 

mA 


AC Electrical Characteristics (Note 4) 


— 

Symbol 

Parameter 

Conditions 

TL082C 

Units 

Min 

Typ 

Max 


Amplifier to Amplifier Coupling 

T a = 25°C,f = 1 Hz- 
20 kHz (Input Referred) 


-120 


dB 

SR 

Slew Rate 

V s = ± 15V, T a = 25°C 

8 

13 


V/jixS 

GBW 

Gain Bandwidth Product 

V s = ± 15V, T a = 25°C 


4 


MHz 

e n 

Equivalent Input Noise Voltage 

T a = 25°C, R s = 100ft, 
f = 1000 Hz 


25 


nV/V^Hz 

■n 

Equivalent Input Noise Current 

Tj = 25°C, f = 1000 Hz 


0.01 


pA/l/Hz 


Note 1: For operating at elevated temperature, the device must be derated based on a thermal resistance of 115°C/W junction to ambient for the N package. 
Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 3: The power dissipation limit, however, cannot be exceeded. 

Note 4: These specifications apply for Vs = ±15V and 0°C £Ta ^ +70°C. Vos. >B and los are measured at Vqm = 0. 

Note 5: The input bias currents are junction leakage currents which approximately double for every 1 0°C increase in the junction temperature, Tj. Due to the limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Po- Tj = Ta + 0jA Pd where 0jA is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 6: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. 

V s = ±6V to ± 15V. 
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Typical Performance Characteristics 


Input Bias Current 



-10 -50 5 10 

COMMON MODE VOLTAGE (V) 


Input Bias Current 



0 10 20 30 40 50 60 70 

TEMPERATURE ( C) 


Supply Current 



0 5 10 15 20 25 

SUPPLY VOLTAGE (tV) 


Positive Common-Mode Input 
Voltage Limit 



0 5 10 15 20 

POSITIVE SUPPLY VOLTAGE (V) 


Negative Common-Mode Input 
Voltage Limit 



0 5 10 15 20 

NEGATIVE SUPPLY VOLTAGE (V) 


Positive Current Limit 


— 

- 

s. 



n 





\ 











B 

2 

J 

5 C 

L_ 





70° 

c 



0 

i c C 









. 















0 10 20 30 40 

OUTPUT SOURCE CURRENT (mA) 




0 5 10 15 20 



0.1 1 10 


OUTPUT SINK CURRENT (mA) 


SUPPLY VOLTAGE (±V) 


R L - OUTPUT LOAD (kn) 



Gain Bandwidth 



TEMPERATURE (°C) 



FREQUENCY (MHz) 


TEMPERATURE (°C) 


TL/H/8357-4 
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TL082 


Typical Performance Characteristics (Continued) 


Distortion vs Frequency 



10 100 Ik 10k 100k 


Undistorted Output 
Voltage Swing 



10k 100k 1M 


Open Loop Frequency 
Response 



1 10 100 Ik 10k 100k 1M 10M 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


Common-Mode Rejection 
Ratio 



Power Supply Rejection 



10 100 IK 10k 100k 1M 10M 


FREQUENCY (Hz) 





Equivalent Input Noise 
Voltage 



10 100 Ik 10k 100k 


FREQUENCY (Hz) 


Open Loop Voltage 
Gain (V/V) 



5 10 IS 20 

SUPPLY VOLTAGE (*V) 



> 

> 

i 

EC 

U 

i 

UJ 

§ 

0 
> 

£ 

1 


10 


0 


-5 


-10 


Inverter Settling Time 



0.1 1 10 
SETTLING TIME M 


TL/H/8357-5 
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Pulse Response 


Small Signal Inverting 



TIME (0.2 pis/DIV) 


Large Signal Inverting 


TL/H/8357-6 



TIME (2 p<s/DIV) 


Small Signal Non-Inverting 



TIME (0.2 ms/DI V) 

TL/H/8357-7 


Large Signal Non-Inverting 



TIME (2 pjs/DIV) 


TL/H/8357-8 


TL/H/8357-9 


Current Limit (Rl = 100H) 



TIME (5 pis/OIV) 


TL/H/8357-10 


Application Hints 

These devices are op amps with an internally trimmed input 
offset voltage and JFET input devices (BI-FET II). These 
JFETs have large reverse breakdown voltages from gate to 
source and drain eliminating the need for clamps across the 
inputs. Therefore, large differential input voltages can easily 
be accommodated without a large increase in input current. 
The maximum differential input voltage is independent of 
the supply voltages. However, neither of the input voltages 


should be allowed to exceed the negative supply as this will 
cause large currents to flow which can result in a destroyed 
unit. 

Exceeding the negative common-mode limit on either input 
will cause a reversal of the phase to the output and force 
the amplifier output to the corresponding high or low state. 
Exceeding the negative common-mode limit on both inputs 
will force the amplifier output to a high state. In neither case 
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Application Hints (Continued) 

does a latch occur since raising the input back within the 
common-mode range again puts the input stage and thus 
the amplifier in a normal operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output; however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

The amplifiers will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 

Each amplifier is individually biased by a zener reference 
which allows normal circuit operation on ±6V power sup- 
plies. Supply voltages less than these may result in lower 
gain bandwidth and slew rate. 

The amplifiers will drive a 2 kn load resistance to ± 1 0V 
over the full temperature range of 0°C to + 70°C. If the am- 
plifier is forced to drive heavier load currents, however, an 
increase in input offset voltage may occur on the negative 
voltage swing and finally reach an active current limit on 
both positive and negative swings. 

Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in po- 
larity or that the unit is not inadvertently installed backwards 


in a socket as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately 6 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 


Detailed Schematic 
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Typical Applications 


Three-Band Active Tone Control 


BOOST ** CUT 



TL/H/8357-12 



10 100 Ik 10k 100k 


FREQUENCY (Hz) 

Note 1: All controls flat. 

Note 2: Bass and treble boost, mid flat. 
Note 3: Bass and treble cut, mid flat. 
Note 4: Mid boost, bass and treble flat. 
Note 5: Mid cut, bass and treble flat. 


TL/H/8357-13 


• All potentiometers are linear taper 

• Use the LF347 Quad for stereo applications 
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Typical Applications (Continued) 

Improved CMRR Instrumentation Amplifier 



A V 


■( 3*0 


and ± are separate isolated grounds 
Matching of R2’s, R4’s and R5’s control CMRR 
With Av T = 1400, resistor matching = 0.01%: CMRR = 

• Very high input impedance 

• Super high CMRR 


TL/H/8357-14 



• Corner frequency (f c ) = 

• Passband gain (H 0 ) = (1 + R4/R3) (1 + R4VR3’) 

• First stage Q = 1 .31 

• Second stage Q = 0.541 

• Circuit shown uses nearest 5% tolerance resistor values for a filter with a corner frequency of 100 Hz and a passband gain of 100 

• Offset nulling necessary for accurate DC performance 







Typical Applications (Continued) 

Fourth Order High Pass Butterworth Filter 



3V0UT 


TL/H/8357-16 


• Passband gain (H 0 ) = (1 + R4/R3) (1 + R47R3’) 

• First stage Q = 1.31 

• Second stage Q = 0.541 

• Circuit shown uses closest 5% tolerance resistor values for a filter with a corner frequency of 1 kHz and a passband gain of 10 


Ohms to Volts Converter 



TL/H/8357-17 


v 0 


■xR x 


Rladder 

Where Rladder is the resistance from switch SI pole to pin 7 of the TL082CP. 
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National Semiconductor 


Buffers 

Definition of Terms 


Bandwidth: That frequency at which the voltage gain is re- 
duced to 1 /a/ 2 times the low frequency value. 

Harmonic Distortion: That percentage of harmonic distor- 
tion being defined as one-hundred times the ratio of the 
root-mean-square (rms) sum of the harmonics to the funda- 
mental. 

% harmonic = (V22 + V32 + V42 + ... )i/2 (100%) 
distortion VI 

where VI is the rms amplitude of the fundamental and V2, 
V3, V4, . . . are the rms amplitudes of the individual harmon- 
ics. 

Input Impedance: The ratio of input voltage to input current 
under the stated conditions for source resistance (Rs) and 
load resistance (Rl). 

Input Offset Voltage: That voltage which must be applied 
to the input terminal to obtain zero output voltage. 

Input Resistance: The ratio of the change in input voltage 
to the change in input current. 

Input Voltage Range: The range of voltages on the input 
terminal for which the buffer operates within specifications. 
Large-Signal Voltage Gain: The ratio of the output voltage 
swing to the change in input voltage. 

Output Impedance: The ratio of change in output voltage 
to output current under the stated conditions. 


Output Resistance: The small signal resistance seen at the 
output with the output voltage near zero. 

Output Voltage Swing: The peak output voltage swing, re- 
ferred to zero, that can be obtained without clipping. 

Offset Voltage Temperature Drift: The average drift rate 
of offset voltage for a thermal variation from room tempera- 
ture to the indicated temperature extreme. 

Power Supply Rejection: The ratio of the change in input 
offset voltage to the change in power supply voltages pro- 
ducing it. 

Settling Time: The time between the initiation of the input 
step function and the time when the output voltage has set- 
tled to within a specified error band of the final output volt- 
age. 

Slew Rate: The internally-limited rate of change in output 
voltage with a large-amplitude step function applied to the 
input. 

Supply Current: The current required from the power sup- 
ply to operate the buffer with no load and the output midway 
between the supplies. 

Transient Response: The closed-loop step-function re- 
sponse of the amplifier under small-signal conditions. 
Voltage Gain: The ratio of output voltage to input voltage 
under the stated conditions for source resistance (R§) and 
load resistance (R|_). 
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Buffers— Definition of Terms 




Buffer Selection Guide 



National Semiconductor 


Buffer Selection Guide (Notes land 2) 


Device 

Type 

Key Features 

Slew Rate 
(V/ /as) 

Bandwidth 
—3 dB (MHz) 

Gain 

(A V ) 

Output 
(V, mA) 

Full Power BW 
(MHz @ V PP , R l ) 

Test 

Conditions 

LH0063 

FET Input, Very Fast 

2400 

200 

0.93 

±13, ±260 

40 @ 20, 50 

R L = 50, V s = ±15V 

LH0033 

FET Input, High Speed 

1500 

100 

0.98 

±9, ±90 

24 @20, Ik 

Rl = 1 k, V s = ± 15V 

LH4002 

Wideband Video Buffer 

1250 

200 



100 @4, 50 


LH2003/2033 

Wideband Video Buffer 

1200 

100 



2 @20, 100 

R l = 1 k, 50, V s = ±15 

LM61 21/61 25 

High Speed VIPtm Buffer 

800 

50 



10.6 @ 12, 50 

Rl = 50, V s = ± 15V 

LH0002 

Medium Speed 

200 

30 


fKBffP 

3 @20, Ik 

Rl = Ik, V s = ± 12V 

LH4001 

Low Cost LH0002 

125 

25 



4@ 10, 100 

R l = 100, Vs = ±12V 

LM110, 210,310 

Voltage Follower 

30 

20 

0.9999 

±10, ±10 

0.5 @20, 10k 

R l = 10k, V s = ±15V 


Note 1: Datasheet should be referred to for test conditions and more detailed information. 
Note 2: 200°C Temp Range Parts are available. Consult local sales office for information. 
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National Semiconductor 


LH0002 Buffer 


General Description 

The LH0002 is a general purpose buffer. Its features make it 
ideal to integrate with operational amplifiers inside a closed 
loop configuration to increase current output. The symmetri- 
cal output portion of the circuit also provides a low output 
impedance for both the positive and negative slopes of out- 
put pulses. 

The LH0002 is available in an 8-lead TO-99 can. The 
LH0002C is available in an 8-lead TO-99, and a 10-pin 
molded dual-in-line package. 

The LH0002 is specified for operation over the — 55°C to 
+ 1 25°C military temperature range. The LH0002C is speci- 
fied for operation over the 0°C to + 85°C temperature range. 


Features 

■ High input impedance 400 kfl 

■ Low output impedance 6a 

■ High power efficiency 

■ Low harmonic distortion 

■ DC to 30 MHz bandwidth 

■ Output voltage swing that approaches supply voltage 

■ 400 mA pulsed output current 

■ Slew rate is typically 200 V/jns 

■ Operation from ±5V to ±20V 

Applications 

■ Line driver 

■ 30 MHz buffer 

■ High speed D/A conversion 


Schematic and Connection Diagrams 

v v 



Pin numbers in parentheses denote pin 
connections for dual-in-line package. 


Dual-ln-Line Package 



Order Number LH0002CN 
See NS Package Number N10A 


TL/H/5560-2 


Metal Can Package 


INPUT 



Order Number LH0002H, 
LH0002H-MIL or LH0002CH 
LH0002H/883* 

See NS Package Number H08D 


•Available per SMD #7801301 


I- 
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LH0002 




LH0002 



Absolute Maximum Ratings (Note 3) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 2) 

Supply Voltage ± 22 V 

Power Dissipation (Note 4) 600 mW 

Input Voltage (Equal to Power Supply Voltage) 

Storage T emperature Range - 65°C to + 1 50°C 

Junction Temperature 

N Package + 1 50°C 

H Package + 175°C 

Steady State Output Current ± 100 mA 

Pulsed Output Current (50 ms On/ 1 sec. Off) ± 400 mA 
Lead Temperature Soldering (10 seconds) 

Metal Can 300°C 

Plastic 260° C 

ESD Rating (Note 6) 2kV 

Electrical Characteristics (Notei) 


Operating Ratings (Note 3) 

Temperature Range 

LH0002 — 55°C to + 125°C 

LH0002C 0°C to + 85°C 

Thermal Resistance (Note 5) 

0 j A , H Package + 1 25°C/W 

0 JC ,H Package +75°C/W 

0j A , N Package + 1 20°C/ W 


Parameter 

Conditions 

Voltage Gain 

R s = 10 kn,R L = 1.0 kft, V| N = ± 10 V 

Input Impedance 

R s = 200 kn, V| N = ± 1 . 0 V, R L = 1 .0 kn 

Output Impedance 

V| N = ± 1 . 0 V, R|_ = 50H, R s = 10 kn 

Output Voltage Swing 

R l = 1 . 0 kn,V| N = ± 12 V 

Output Voltage Swing 

V s = ± 15V, V| N = ± 12V, R s = 50n, r l = ioon, Ta = 25°c 

DC Output Offset Voltage 

Rs = 300H, R|_ = 1.0 kn 

DC Input Bias Current 

R s = IP kn, R L = 1.0 kn 

Harmonic Distortion 

V, N = 5.0 Vrms, f = 1.0 kHz 

Rise Time 

R|_ = 50n, AV| N = 100 mV 

Positive Supply Current 

r s = io kn, r l = i.o kn 

Negative Supply Current 

r s = io kn, r l = i.o kn 



Note 1: Specification applies for Ta = 25°Cwith + 12Von Pins 1 and 2; -12V on Pins 6 and 7 for the metal can package and +12Von Pins 1 and 2; -12V on 
Pins 4 and 5 for the dual-in-line package, unless otherwise specified. The parameter guarantees for LH0002C apply over the temperature range of 0°C to +85°C, 
while parameters for the LH0002 are guaranteed over the temperature range -55°C to + 125°C unless otherwise specified. 

Note 2: Refer to RETS0002X for LH0002 military specifications. 

Note 3: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 

Note 4: The maximum power dissipation is a function of maximum junction temperature (T jMax), total thermal resistance (0ja), and ambient temperature (T a). The 
maximum allowable power dissipation at any ambient is Pd = (TjMax - Ta)/0ja- 

Note 5: For operating at elevated temperatures, the device must be derated based on the thermal resistance 0ja and TjMax. Tj - Ta + Pq0ja- 
Note 6: Human body model, 1.5 kft in series with 100 pF. 
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LH0033/LH0063 



National Semiconductor 


LH0033/LH0063 

Fast and Ultra Fast Buffers 


General Description 

The LH0033 and LH0063 are high speed, FET input, voltage 
follower/buffers designed to provide high current drive at 
frequencies from DC to over 100 MHz. The LH0033 will 
provide ±10 mA into 1 kH loads (±100 mA peak) at slew 
rates of 1500V/jus. The LH0063 will provide ±250 mA into 
5011 loads (±500 mA peak) at slew rates up to 6000V/ jus. 
In addition, both exhibit excellent phase linearity up to 
20 MHz. 

Both are intended to fulfill a wide range of buffer applica- 
tions such as high speed line drivers, video impedance 
transformation, nuclear instrumentation amplifiers, op amp 
isolation buffers for driving reactive loads and high imped- 
ance input buffers for high speed A to Ds and comparators. 
In addition, the LH0063 can continuously drive 50 Cl coaxial 
cables or be used as a yoke driver for high resolution CRT 
displays. For additional applications information, see AN-48. 
These devices are constructed using specially selected 
junction FETs and active laser trimming to achieve guaran- 
teed performance specifications. The LH0033 is specified 
for operation from -55°C to + 125°C; the LH0033C and the 


LH0063C are specified from -25°C to ±85°C. The LH0033 
is available in either a 1.5W metal TO-8 package or an 8-pin 
ceramic dual-in-line package. The LH0063 is available in a 
5W 8-pin TO-3 package. 

Features 

■ Ultra fast (LH0063): 6000 V/fts 

■ Wide range single or dual supply operation 

■ Wide power bandwidth: DC to 100 MHz 

■ High output drive: ±10V with 5011 load 

■ Low phase non-linearity: 2 degrees 

■ Fast rise times: 2 ns 

■ High input resistance: 10 10 H 

Advantages 

■ Only 1 0V supply needed for 5 Vp-p video out 

■ Speed does not degrade system performance 

■ Wide data rate range for phase encoded systems 


Connection Diagrams 

LH0033G 

Metal Can Package 


NC 



TOP VIEW 

Case is electrically isolated 


TL/K/5507-1 


Order Number LH0033G, LH0033G-MIL 
or LH0033CG 

See NS Package Number G12B 


LH0033J 

Dual-In-Line Package 


INPUT 

OFFSET 

PRESET 

OFFSET 

ADJUST 

OUTPUT 



V + 

Vc + 

Vc“ 

V“ 


TOP VIEW 


TL/K/5507-2 

Order Number LH0033J or LH0033CJ 
See NS Package Number HY08A 


LH0063K 

Metal Can Package 


v c - 

v. 

OFFSET 
ADJUST 

OFFSET 
PRESET 

TL/K/ 5507-3 

Top View 

Case is electrically isolated 

Order Number LH0063CK 
See NS Package Number K08A 
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Absolute Maximum Ratings 




If Military/Aerospace specified devices are required, 

Peak Output Current 


please contact the National Semiconductor Sales 

LH0063C 

±500 mA 

Office/Distributors for availability and specifications. 

LH0033/LH0033C 

±250 mA 

Supply Voltage (V + -V ) 

40V 

Lead Temp. (Soldering, 10 seconds) 

300°C 

Power Dissipation (See Curves) 




LH0063C 

5W 

Operating Temperature Range 

LH0033/ LH0033C 

2.2W 

LH0033 

— 55°C to ± 1 25°C 

Junction Temperature 

175°C 

LH0033C and LH0063C 

— 25°C to ±85°C 

Input Voltage 

±Vs 

Storage Temperature Range 

-65° to + 1 50°C 

Continuous Output Current 


ESD rating to be determined. 


LH0063C 

±250 mA 



LH0033/ LH0033C 

±100 mA 




DC Electrical Characteristics Vg= ± 15V, T M |n^Ta^T MA x. unless otherwise specified, (Note 1) 


Parameter 

Conditions 

LH0033 

| LH0033C | 

Units 



Min Typ 

Max 

Min 

Typ 

Max 


Output Offset 

R s = 1 00ft, Tj = 25°C, 

5.0 

10 


12 

20 

mV 

Voltage 

V| N = 0V (Note 2) 








R s = 100ft 


15 



25 

mV 

Average 

R s = 100ft, V| N = 0V 

50 

100 


50 

100 

jaV/°C 



Temperature 
Coefficient of 
Offset Voltage 

Input Bias 
Current 


Voltage Gain 


Input 

Impedance 


Output 

Impedance 




(Note 3) 


V, N = 0V 

Tj = 25°C (Note 2) 
T a = 25°C (Note 4) 
Tj = T a =T M ax 


Vq= ±10V, 
R s = 100ft, 
R L =1.0kft 

R L =1 kft 


V| N =±1.0V 

R L =1.0k 


Output 

Vj=±14V, Ri_= 1.0k 

±12 

Voltage Swing 

V|=± 10.5V, 

R L = 100ft, T a =25°C 

±9.0 

Supply Current 

V| N = 0V (Note 5) 


Power Consumption 

V, N = 0V 





Bandwidth 


Phase Non-Linearity 


Rise Time 


Propagation Delay 
Harmonic Distortion 


AV| N = 0.5V 
f>1 kHz 


Note 1: LH0033 is 100% production tested as specified at 25° C, 125°C, and-55°C. LH0033AC/C are 100% production tested at 25°C only. Specifications at 
temperature extremes are verified by sample testing, but these limited are not used to calculate outgoing quality level. 

Note 2: Specification is at 25°C junction temperature due to requirements of high speed automatic testing. Actual values at operating temperature will exceed the 
value at Tj = 25°C. When supply voltages are ±15V, no-load operating junction temperature may rise 40-60°C above ambient, and more under load conditions. 
Accordingly, Vos may change one to several mV, and Ib will change significantly during warm-up. Refer to Ib vs temperature graph for expected values. 

Note 3: LH0033 is 100% production tested for this parameter. LH0033C is sample tested only. Limits are not used to calculate outgoing quality levels. A Vos/ AT is 
the average value calculated from measurements at 25°C and Tmax- 

Note 4: Measured in still air 7 minutes after application of power. Guaranteed through correlated automatic pulse testing. 

Note 5: Guaranteed through correlated automatic pulse testing at T j = 25°C. 

Note 6: Not 100% production tested; verified by sample testing only. Limits are not used to calculate outgoing quality level. 

Note 7: Refer to RETS0033 for the LH0033G military specifications. 


LH0033/LH0063 






















LH0033/LH0063 


DC Electrical Characteristics v s = 


Parameter 

Conditions 

Output Offset Voltage 

R s ^ 1 00kn, Tj = 25°C, R L = 1 oon (Note 2) 

Average Temperature 

Rs^lOOkH 

Coefficient of Output 


Offset Voltage 


Input Bias Current 

Tj = 25°C (Note 2) 

Voltage Gain 

V, N =±10V > R s ^100kaRL=1 kft 


Voltage Gain 

Input Capacitance 
Output Impedance 
Output Current Swing 
Output Voltage Swing 
Output Voltage Swing 
Supply Current 
Supply Current 
Power Consumption 
Power Consumption 


± 15V, Tmin^Ta^Tmax unless otherwise specified (Note 1) 


LH0063C 


Min Typ 


V| N = ±10V, Rs^lOO kft, R L =50n 
Tj = 25°C 

Case Shorted to Output 

V 0 UT= ±10V, Rs^lOO ka, R L =50fl 

V| N =±10V, Rs^lOO kH 

R|_= 50fl 

V s = ± 5.0V, R|_=50fl, Tj = 25°C 
Tj = 25°C, R l = °°, V S = ± 15V 

V s = ±5.0V 

Tj = 25°C, Rl= °°, Vs = ± 15V 
V S =±5.0V 



AC Electrical Characteristics tj=25°c, v s = ±isv, R S =5on, R L =5on (Note 3) 

LH0063C 

Parameter Conditions i.rmupow — 


Slew Rate R L =1.0 k CL, V| N = ±10V 6000 V//xs 

Slew Rate R L =50n, V !N = ±10V, Tj = 25°C 2000 2400 V/p, s 


MHz 


degrees 


ns 


ns 


% 


Note 1: LH0063C is 100% production tested at 25°C only. Specifications at temperature extremes are verified by sample testing, but these limits are not used to 
calculate outgoing quality level. 

Note 2: Specification is at 25°C junction temperature due to requirements of high speed automatic testing. Actual values at operating temperature will exceed the 
value at Tj = 25°C. When supply voltages are ±15V, no-load operating junction temperature may rise 40-60°C above ambient, and more under load conditions. 
Accordingly, Vqs may change one to several mV, and Ib will change significantly during warm-up. Refer to Ib vs temperature graph for expected values. 

Note 3: Not 100% production tested; verified by sample testing only. Limits are not used to calculate outgoing quality level. 


Bandwidth 

V|n = 1.0 Vrms 

Phase Non-Linearity 

BW= 1.0 Hz to 20 MHz 

Rise Time 

AV|n = 0.5V 

Propagation Delay 

AV|m = 0.5V 

Harmonic Distortion 
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Typical Performance Characteristics 


LH0033 Power Dissipation 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 


LH0063 Power Dissipation 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 


LH0063 DC Safe Operating 



-15 -10 -5 0 5 10 15 

OUTPUT VOLTAGE (V) 


LH0033 Supply Current vs 
Supply Voltage 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


LH0063 Supply Current vs 
Supply Voltage 


J 






T( 

j 

7 

7* 




7 



= 25' 

C 

/ 

7 





y 






r 







65 



60 


5 10 15 20 

SUPPLY VOLTAGE (±V) 


LH0033 Output Voltage vs 
Supply Voltage 


1 

— Rl= 1 k 
Rs =100 




7 



/ 


T C 

— +2 

5°C“ 

j 

7^ 




Jl 

7 





7 
















r 







5 10 15 20 

SUPPLY VOLTAGE (±V) 


LH0063 Output Voltage vs 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


LH0033 Negative Pulse 
Response 



0 10 20 30 40 50 60 


TIME (ns) 


LH0033 Positive Pulse 
Response 



0 10 20 30 40 50 60 

TIME (ns) 


LH0033 Frequency 
Response 


BSQ3DH 

■ 

■1 


■ 

■ 

1 

SB 

QE 

m 

m 

■ 

mm 


ns 

SB 


m 

■ 

■ 

H 

■ 

■ 

Vi 

■ 

■ 

HI 

■ 



■ 

■ 

■ 

■ 

WA 


■ 

■ 

m 

55 

i 1 



1.0 


2.0 5.0 10.0 20.0 50 
FREQUENCY (MHz) 


0 50 100 

TEMPERATURE (°C) 


LH0063 Large Signal Pulse 



TIME (ns) 

TL/K/ 5507-4 
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LH0033/LH0063 



Typical Performance Characteristics (Continued) 

LH0033 Input Bias Current 

vs Temperature LH0063 Input Current 




TEMPERATURE (°C) 


TEMPERATURE (°C) 


FREQUENCY (MHz) 


LH0033 Normalized Input 
Bias Current During 
Warm-Up 


LH0063 Small Signal Rise 
Time 


LH0033 Input Bias Current 
vs Input Voltage 



0 2 4 6 8 10 

TIME FROM POWER TURN-ON (MINUTES) 


0 1 2 3 4 5 6 7 

TIME (ns) 


10 8 6 4 2 0 -2 -6 -10 
INPUT VOLTAGE (V) 


Application Hints 

RECOMMENDED LAYOUT PRECAUTIONS 

RF/video printed circuit board layout rules should be fol- 
lowed when using the LH0033 and LH0063 since they will 
provide power gain to frequencies over 100 MHz. Ground 
planes are recommended and power supplies should be de- 
coupled at each device with low inductance capacitors. In 
addition, ground plane shielding may be extended to the 
metal case of the device since it is electrically isolated from 
internal circuitry. Alternatively the case should be connected 
to the output to minimize input capacitance. 

OFFSET VOLTAGE ADJUSTMENT 

Both the LH0033’s and LH0063’s offset voltages have been 
actively trimmed by laser to meet guaranteed specifications 
when the offset preset pin is shorted to the offset adjust pin. 
This pre-calibration allows the devices to be used in most 
DC or AC applications without individually offset nulling 
each device. If offset null is desirable, it is simply obtained 
by leaving the offset preset pin open and connecting a trim 
pot of 100ft for the LH0033 or 1 kft for the LH0063 be- 
tween the offset adjust pin and V~, as illustrated in Figures 
1 and 2. 


■M 


LH0033 OUTPUT 




TL/K/ 5507-6 

FIGURE 1. Offset Zero Adjust for LH0033 
(Pin numbers shown for TO-8) 



TL/K/5507-7 

FIGURE 2. Offset Zero Adjust for LH0063 
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PHASE LAG (DEGREES) 





Application Hints (Continued) 

OPERATION FROM SINGLE OR ASYMMETRICAL 
POWER SUPPLIES 

Both device types may be readily used in applications where 
symmetrical supplies are unavailable or not desirable. A typ- 
ical application might be an interface to a MOS shift register 
where V+ = +5VandV~ = -12V. In this case, an appar- 
ent output offset occurs due to the device’s voltage gain of 
less than unity. This additional output offset error may be 
predicted by: 

(V+-V-) 

AV 0 = (1 - A v ) -= 0.005(V+ - V") 

where: 

Av = No load voltage gain, typically 0.99 
V+ = Positive supply voltage 
V - - Negative supply voltage 

For the above example, A Vo would be -35mV. This may 
be adjusted to zero as described in Figure 2. For AC cou- 
pled applications, no additional offset occurs if the DC input 
is properly biased as illustrated in the Typical Applications 
section. 


SHORT CIRCUIT PROTECTION 

In order to optimize transient response and output swing, 
output current limit has been omitted from the LH0033 and 
LH0063. Short circuit protection may be added by inserting 
appropriate value resistors between V+ and Vc+ pins and 
V - and Vq _ pins as illustrated in Figures 3 and 4. Resistor 
values may be predicted by: 

v+ v- 

RlIM=1 “7 

lsc lsc 

where: 

l sc <M00 mAfor LH0033 
l S c ^250 mA for LH0063 


V + 



TL/K/5507-8 


V + 



TL/K/5507-9 


FIGURE 3. LH0033 Using Resistor Current Limiting FIGURE 4. LH0063 Using Resistor Current Limiting 
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LH0033/LH0063 



LH0033/LH0063 


Application Hints (Continued) 

The inclusion of limiting resistors in the collectors of the 
output transistors reduces output voltage swing. Decoupling 
Vc + and Vc“ pins with capacitors to ground will retain full 
output swing for transient pulses. Alternate active current 
limit techniques that retain full DC output swing are shown in 
Figures 5 and 6. In Figures 5 and 6, the current sources are 
saturated during normal operation, thus apply full supply 
voltage to the Vc pins. Under fault conditions, the voltage 
decreases as required by the overload. 

For Figure 5: 


r - Vbe 
Rlim— : — 

•sc 


0.6V 
60 mA 


= ion 


In Figure 6, quad transistor arrays are used to minimize can 
count and: 


Rlim^ 


v be 

1/3(lsc) 


0.6V 

1/3(200 mA) 


= 8.2ft 



TL/K/5507-10 

FIGURE 5. LH0033 Current Limiting 
Using Current Sources 



Using Current Sources 


CAPACITIVE LOADING 

Both the LH0033 and LH0063 are designed to drive capaci- 
tive loads such as coaxial cables in excess of several thou- 
sand picofarads without susceptibility to oscillation. Howev- 
er, peak current resulting from (Cxdy/dt) should be limited 
below absolute maximum peak current ratings for the de- 
vices. 

Thus for the LH0033: 

XCl ^' out ^ ±250 mA 
and for the LH0063: 

XClSI ° Ut ^ ±5 °° mA 

In addition, power dissipation resulting from driving capaci- 
tive loads plus standby power should be kept below total 
package power rating: 

P D pkg.^P D c+PAC 

P D pkg.^(V+-V-)xl s +P A c 

P A c-(Vp-p) 2 xfxC L 

where: 

Vp-p=Peak-to-peak output voltage swing 
f = Frequency 
Cl = Load Capacitance 
OPERATION WITHIN AN OP AMP LOOP 
Both devices may be used as a current booster or isolation 
buffer within a closed loop with op amps such as LM6218, 
LM6361 or LH0032. An isolation resistor of 47ft should be 
used between the op amp output and the input of LH0033. 
The wide bandwidths and high slew rates of the LH0033 
and LH0063 assure that the loop has the characteristics of 
the op amp and that additional rolloff is not required. 

HARDWARE 

In order to utilize the full drive capabilities of both devices, 
each should be mounted with a heat sink particularly for 
extended temperature operation. The cases of both are iso- 
lated from the circuit and may be connected to the system 
chassis. 

DESIGN PRECAUTION 

Power supply bypassing is necessary to prevent oscillation 
with both the LH0033 and LH0063 in all circuits. Low induc- 
tance ceramic disc capacitors with the shortest practical 
lead lengths must be connected from each supply lead 
(within <y 4 to y 2 " of the device package) to a ground 
plane. Capacitors should be one or two 0.1 /aF in parallel for 
the LH0033; adding a 4.7 jaF solid tantalum capacitor will 
help in troublesome instances. For the LH0063, two 0.1 jaF 
ceramic and one 4.7 ju,F solid tantalum capacitors in parallel 
will be necessary on each supply lead. 
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Schematic Diagrams 

LH0033/LH0033A LH0063 


INPUT 


12 V + 



SHORTED TL/K/5507-12 



NORMALLY 

SHORTED 


Pin numbers shown for TO-8 (“G”) package. 


TL/K/5507-13 


Typical Applications 

High Speed Automatic Test Equipment 
Forcing Function Generator 



TL/K/5507-14 









Typical Applications (Continued) 


Isolation Buffer 

OVERALL FEEDBACK 



Coaxial Cable Driver 

+ 15V 



Coaxial Cable Driver 



High Input Impedance Comparator 
with Offset Adjust 

VuL. V + 



TL/K/5507-21 


Instrumentation Shield/Line Driver 


t~\ 



TL/K/5507-22 



2-17 


LH0033/LH0063 











National Semiconductor 


LH4001 Wideband Current Buffer 


General Description 

The LH4001 is a high speed unity gain buffer designed to 
provide high current drive capability at frequencies from DC 
to over 25 MHz. It is capable of providing a continuous out- 
put current of ±100 mA and a peak of ± 200 mA. 

The LH4001 is designed to fulfill a wide range of applica- 
tions such as impedance transformation, high impedance 
input buffers for A/D converters and comparators, as well 
as high speed line drivers. It is also suitable for use in cur- 
rent booster applications within an op amp loop. This allows 
the output current capability of existing op amps to be in- 
creased to ±100 mA. 


Features 

■ DC to 25 MHz bandwidth 

■ 125 V/jlis slew rate 

■ Drives ±10V into 50H 

■ Operates from ± 5 to ± 20V supplies 

■ Output swing approaches supply voltage 

Applications 

■ Boost op amp output 

■ Buffer amplifiers 

■ Isolate capacitive loads 

■ Drive long cables 


Typical Applications and Connection Diagram 


v in° — toon \ 

|0P-AM^— VWH LH4001J 


Dual-In-Line Package 



Top View 

’Note: Electrically connected internally. No connection should be made to these pins. 

Order Number LH4001CN 
See NS Package Number N10A 
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LH4001 


Absolute Maximum Ratings 




If Military/ Aerospace specified devices are required, 

Storage Temperature Range, Tstg 

— 65°Gto +150°C 

please contact the National Semiconductor Sales 

Junction Temperature, Tj 

150°C 

Office/Distributors for availability and specifications. 

Lead Temp. (Soldering, <10 seconds) 

260°C 

Supply Voltage, Vs 

±22V 

ESD rating is to be determined. 


Continuous Output Current, lo 

±100 mA 



Peak Output Current, lo(peak) 


Operating Ratings 


(50 ms On/1 Sec Off) 

±200 mA 

Temperature Range, Ta 

0°Cto +70°C 

Input Voltage Range, Vin 

±Vs 

Thermal Resistance Oja 

120°C/W 

Power Dissipation 

500 mW 



Electrical Characteristics (Notei) 




Symbol 

Parameter 

Conditions 




Units 

A V 

Voltage Gain 

R s = IOMI.Rl = 1 kn 

V| N = ±10V 



1 

v/v 

Rin 

Input Impedance 

R s = 200 MX, R l = I kn 

V| N = ±1.0V 

180 

400 


kn 

r out 

Output Impedance 

Rs = 10 ko, R|_ = son 

V| N = ±1.0V 


6 

10 

n 

Vo 

Output Swing 

V s = ±15V, R S = 5011 

R|_ = 100H, V| N = ± 12V 


±11 


V 

>b 

Input Bias Current 

r s = iokn, r l = i kn 


±10 


jmA 

tr 

Rise Time 

R l = 100n, AV| N = 100 mV 


7 


ns 

SR 

Slew Rate 

V| N = ± 5V, R L = loon 


125 


V/jLlS 

Is 

Supply Current 

R s =10kn 


±6 

±10 

mA 

Vos 

Offset Voltage 

Rs = 30on, R(_ = i kn 


±10 

±50 

mV 


Note 1: Specification applies for Ta = 25°C with + 12V on Pins 1 & 2; -12V on Pins 4 & 5 unless otherwise specified. 


Typical Performance Characteristics 


Input Offset Current 



4 6 6 10 12 14 16 It 20 

SUPPLY VOLTAGE (±V) 


Frequency Response 



Supply Current 



9.0 12.0 

SUPPLY VOLTAGE (±V) 


15.0 

TL/K/8628-3 



Pulse Response 


TOP TRACE = INPUT 
BOTTOM TRACE - OUTPUT 


TL/K/8628-10 


V| N = ± 2.5V, R s = R L = 50n 
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Applications Information 

Figure 1 shows a simple implementation of a non-inverting 
buffer amplifier of unity gain. Popular industry standard op- 
erational amplifiers such as LF156, LF351, LF411, LF441, 
LM1 1, LM741, etc. can be used in this configuration. Due to 
the high bandwidth of the LH4001, it is suitable for use with 
most monolithic op amps. 

Figure 2 shows an implementation of an inverting amplifier 
with output current capability in excess of ±100 mA. The 
gain of this amplifier is determined by the values of Rp and 
Rin. The resistor between the non-inverting input and 
ground is used to minimize the output offset voltage result- 
ing from the input bias current. 

Because of its high current drive capability, the LH4001 
buffer amplifier is suitable for driving terminated or untermi- 
nated co-axial cables, and high current or reactive loads. 


Figure 3 shows a co-axial cable drive circuit. The 4311 resis- 
tor matches the driving source to the cable, however, its 
inclusion rarely will result in substantial improvement in 
pulse response into a terminated cable. If the 4311 resistor 
is included, the output voltage to the load is about half what 
it would be without the near end termination. 

Figure 4 shows a non-inverting amplifier with gain and out- 
put current capability in excess of ±100 mA. It is capable of 
providing ±10 mA into a 1 kH load or ±100 mA into a 
10011 load (± 10V swing). Figures 5 and 6 show two differ- 
ent methods of providing current limit or short circuit protec- 
tion for the LH4001. In Figure 6, the 10H resistor limits the 
output current to approximately 70 mA. This circuit is highly 
recommended if there is a potential for a short circuit to 
occur. 


+15V +15V 



TL/K/8628-4 

FIGURE 1. Non-Inverting Buffer Amplifier 



FIGURE 2. Inverting Buffer Amplifier with Current Limit 


Vqut Rf 

V|N Rin 


TL/K/8628-6 
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National Semiconductor 


LH4002 Wideband Video Buffer 


General Description 

The LH4002 is a high speed voltage follower designed to 
drive video signals from DC up to 200 MHz. At voltage sup- 
plies of ±5V, the LH4002 will provide up to 40 mA into 50ft 
at slew rates in excess of 1000 V/|u,s. 

The device is intended to fulfill a wide range of high speed 
applications including video distribution, impedance trans- 
formation, and load isolation. It is also suitable for use in 
current booster applications within an op amp loop. This 
allows the output current capability of existing op amps to 
be increased. 


Features 

■ DC to 200 MHz Bandwidth with Vs = ±5V 

■ 1250 V/juls Slew Rate into 50ft 

■ 150 MHz Bandwidth with Vs = ±5V, Rl = 50ft and 
Voltage Swing = 2 Vp.p 

Applications 

■ Wideband Amplifier Buffer 

■ Wideband Line Driver 


Schematic and Connection Diagrams 


+V CC1 +V CC2 



TL/K/8686-15 


Dual-In-Line Package 



Top View 

Order Number LH4002CN 
See NS Package Number N10A 


TL/K/8686-2 
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LH4002 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage, Vs ± 6V 

Input Voltage Range, Vin ± Vs 

Continuous Output Current, lo ± 60 mA 

Storage T emperature Range, T stg - 65°C to + 1 50°C 


Operating Temperature Range, Ta 
LH4002C 

Junction Temperature, Tj 

Lead Temperature (Soldering, 10 sec) 

ESD rating is to be determined. 


-25°C to +85°C 
150°C 
300°C 


DC Electrical Characteristics V CC = ±5V, Tmin ^ Ta ^ T max unless otherwise stated. 


Symbol 


Parameter 


Conditions 


Typ 


Max 


Units 


Vos 


Input Offset Voltage 


T A = Tj = 25°C 
Rs = Ison, R|_ = son 


20 


50 


mV 


Input Bias Current 


Rs = 1 kfl, Rl = 50H 


100 


200 


jliA 


Ay 


DC Voltage Gain 


R s = 10 kft, R l = 1.0 kft, V|m = ±2V 


0.95 


0.97 


V/V 


V 0 


Output Voltage Swing 


R S = 150ft, V| N = +2.5V 


r l = i ka 


± 2.2 


±2.4 


T a = 25°C, R l = 50ft 


±2.0 


±2.2 


Supply Current 


R s = 10 kft, V| N = 0V, R l = 1 kft, T a = Tj = 25°C 


20 


35 


mA 


r OUT 


Output Resistance 


Rs = io kn, Rl — son 


10 


r in 


Input Resistance 


R s = 10 kn, R L = 50n 


10 


18 


kn 


AC Electrical Characteristics v cc = ±sv,t a = 25 °c. 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Sr 

Slew Rate 

Rl = son, Rs = 50n 

V, N = ±2V 

1000 

1250 


V/jULS 

f3dB 

Bandwidth, -3 dB 
(Note 2) 

Rs — 50n 

Rl = 5on 

VoUT = 4Vp.p 


125 


MHz 

VouT = 2Vp.p 

100 

150 


MHz 

Vqut = 100 mVp.p 


200 


MHz 


Phase Non-Linearity 

BW = 1.0-20 MHz 


2.0 


degrees 

tr 

Rise Time 

AVim = 0.5V 


3 


ns 

td 

Propagation Delay 

AV| N = 0.5V 


1.2 


ns 

THD 

Harmonic Distortion 

f = 1 kHz 


0.1 


% 


Note 1: Under normal operating conditions +Vcci and +Vcc 2 should be connected together, and -Vcci and -Vcc2 should be connected together. 
Note 2: Guaranteed by design. This parameter is sample tested. 
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Typical Performance Characteristics 


Maximum Power Dissipation 
Dual-ln-Line Package 

1.1 
1.0 

£2 05 

< 05 


5 VM, 

£ 05 

5 0A 
05 

£ 02 
0.1 
05 

0 10 20 30 40 50 60 70 80 90 
TEMPERATURE (°C) 

TL/K/8686-12 



i 





' All 

n 

IBIE1 

t0 j 

v= 12 

0°C, 















s 









\ 

V 










s 


















1 



































Frequency Response 



1 10 100 1000 


FREQUENCY, (MHz) 

TL/K/8686-5 


Supply Current 



13 14 15 16 17 

SUPPLY VOLTAGE (V) 

TL/K/8686-6 


Pulse Response 


TOP TRACE 
= INPUT 

BOTTOM TRACE 
= OUTPUT 


TL/K/8686-8 




V S = ±5V 
R L = 50ft 


TL/K/8686-7 



I 
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LH4002 


Typical Applications 


v INO l+^s. 

|LH4106^ 


-H LH4002CnS^- 


Hh’ 

n i ..r — 


50n -5V 


FIGURE 1. Wideband Unity Gain Amplifier Using LH4002CN 



* TL/K/8686-9 

FIGURE 2. Compensation for Capacitive Loads 


Applications Information 

The high speed performance of the LH4002 can only be 
realized by taking certain precautions in circuit layout and 
power supply decoupling. Low inductance ceramic chip or 
disc power supply decoupling capacitors of 0.01 juF in paral- 
lel with 0.1 ju,F should be connected with the shortest practi- 
cal lead length between device supply leads and a ground 
plane. Failure to follow these rules can result in oscillations. 
When driving a capacitive load such as inputs to flash con- 
verters, the circuits in Figure 2 and 3 can be used to mini- 
mize the amount of overshoot and ringing at the outputs. 
Figure 2 indicates that a 50ft should be placed in parallel 
with the load and Figure 3 recommends that a 1 00ft resistor 
be placed in series with the input to the LH4002. 

Short Circuit Protection 

In order to optimize transient response and output swing, 
output current limits have been omitted from the LH4002. 
Short circuit protection may be added by inserting appropri- 
ate value resistors between +Vcci and + Vcc2 pins and 
between -Vcci and -Vcc2 pins as illustrated in Figure 4. 
Resistor values may be predicted by: 

„ _ +V C ci ~ v CCi 

Rum , f 

isc 'sc 


FIGURE 3. Compensation for Capacitive Loads 

where Isc ^100 mA. The inclusion of 50ft limiting resistors 
in the collectors of the output transistors limits the short 
circuit current to approximately 100 mA without reducing the 
output voltage swing. 



TL/K/8686-20 

FIGURE 4. LH4002 Using Resistor Current Limiting 
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National Semiconductor 


LM102/LM302 Voltage Followers 

General Description 

The LM102 series are high-gain operational amplifiers de- 
signed specifically for unity-gain voltage follower applica- 
tions. Built on a single silicon chip, the devices incorporate 
advanced processing techniques to obtain very low input 
current and high input impedance. Further, the input transis- 
tors are operated at zero collector-base voltage to virtually 
eliminate high temperature leakage currents. It can there- 
fore be operated in a temperature stabilized component 
oven to get extremely low input currents and low offset volt- 
age drift. 

The LM102, which is designed to operate with supply volt- 
ages between ±12V and ±15V, also features low input 
capacitance as well as excellent small signal and large sig- 
nal frequency response — all of which minimize high fre- 


Schematic Diagram 



quency gain error. Because of the low wiring capacitances 
inherent in monolithic construction, this fast operation can 
be realized without increasing power consumption. 

Features 

■ Fast slewing — tOV/juts 

■ Low input current — 10 nA (max) 

■ High input resistance — 10,000 MH 

■ No external frequency compensation required 

■ Simple offset balancing with optional 1 kH 
potentiometer 

■ Plug-in replacement for both the LM101 and LM709 in 
voltage follower applications 



i 
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LM102/LM302 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


(Note 6) 

Supply Voltage ± 1 8V 

Power Dissipation (Note 1) 500 mW 

Input Voltage (Note 2) ± 1 5V 

Output Short Circuit Duration (Note 3) Indefinite 


Operating Free Air Temperature Range 
LM102 
LM302 


— 55°C to +125°C 
0°Cto +70°C 


Storage Temperature Range - 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 300°C 

ESD rating to be determined. 


Electrical Characteristics (Note 4) 


Parameter 

Conditions 

LM102 

LM302 

Units 

Min 

Typ 

Max 

Min 

Type 

Max 




Input Offset Voltage 

T a = 25°C 


2 

5 


5 

15 

mV 

Input Bias Current 

T a = 25°C 


3 

10 


10 

30 

nA 

Input Resistance 

T a = 25°C 

1010 

1012 


109 

1012 


ft 

Input Capacitance 




3.0 


3.0 


PF 

Large Signal Voltage 
Gain 

T a = 25°C,V S ± 15V, 

Vout = ±10V, R[_ = 8 kn 

0.999 

0.9996 


0.9985 

0.9995 

1.0 

V/V 

Output Resistance 

T a = 25°C 


0.8 

2.5 


0.8 

2.5 

ft 

Supply Current 

T a = 25°C 


3.5 

5.5 


3.5 

5.5 

mA 

Input Offset Voltage 




mm 



20 

mV 

Offset Voltage 
Temperature Drift 



6 

m 


20 



Input Bias Current 

T a = T a MAX 


3 

rat 


3.0 

15 

nA 


t a = t a min 


30 



20 

50 

nA 

Large Signal Voltage 

V S = ±15V,V 0 ut = ±10V, 

0.999 


■ ■ 





Gain 

R|_ = 10 kn 


WKm 





Output Voltage 

Vs = ± 15V, R l = 10 kn 

±10 


jm 




v 

Swing 

(Note 5) 






Supply Current 

T a = 125°C 


2.6 

4.0 




mA 

Supply Voltage 
Rejection Ratio 

±12V^ V s ^ +15V 




60 


■ 

dB 


Note 1: The maximum junction temperature qf the LM102 is 150°C, while that of the LM302 is 85°C. For operating at elevated temperatures, devices in the H08 
package must be derated based on a thermal resistance of 1 50°C/W, junction to ambient, or 20°C/W, junction to case. 

Note 2: For supply voltages less than ± 1 5V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: It is necessary to insert a resistor (at least 5k and preferably 10k) in series with the input pin when the amplifier is driven from low impedance sources to 
prevent damage when the output is shorted and to ensure stability. 

Note 4: These specifications apply for ±12V £ Vs £ ±15V and -55°C ^ Ta ^ 125°C for the LM102 and 0°C ^Ta ^ 70°C for the LM302 unless otherwise 
specified. 

Note 5: Increased output swing under load can be obtained by connecting an external resistor between the booster and V - terminals. See curve. 

Note 6: Refer to RETS102X for the LM102H military specifications. 

APPLICATION HINT 

The input must be driven from a source impedance of typically 10 kn (5 kfl Min) to maintain stability. The total source 
impedance will be reduced at high frequencies if there is stray capacitance at the input pin. In these cases, a 10 kft resistor 
should be inserted in series with the input, physically close to the input pin to minimize the stray capacitance and prevent 
oscillation. 
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VOLTAGE GAIN (V/V) 


Guaranteed Performance Characteristics LM 102 


Input Current 


Output Swing 


Supply Current 



LM102/LM302 





LM102/LM302 


Guaranteed Performance Characteristics LM 302 


Input Current 



0 20 40 60 80 

TEMPERATURE (°C) 


Output Swing 


a iUvs-mv4 
2 I v OU T - iiov 



Typical Performance Characteristics LM 302 


Supply Current 



20 40 60 80 

TEMPERATURE (°C) T | /u> 


Voltage Gain and Phase Lag 

0.9999 | ill mil! 1 I HTITII — I TT Tm i l 0-01 


Voltage Gain and Phase Lag 


Output Resistance 






Positive Output Swing 


Negative Output Swing 


Output Swing 



0 5 10 IS 20 25 30 

LOAO CURRENT (mA) 



0 1 2 3 4 5 

LOAD CURRENT (mA) 



0 20 40 60 10 

TEMPERATURE <°C> 


Large Signal 
Frequency Response 


V s = ±15V 
_ T a = 25 C 
Distortion < 5% 


100K 

FREQUENCY (Hi) 


Large Signal Pulse Response 



0 2 4 6 8 10 

TIME (ms) 


Maximum Power Dissipation 



25 35 45 55 65 75 

AMBIENT TEMPERATURE (“0 
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Typical Applications 


Low Pass Active Filter 


R1 R2 

24K 24K 


Ji + LM1Q2 


■ C2 # 'Values are for 10 kHz cutoff. Use sil- 

■ 470 pF vered mica capacitors for good tem- 

perature stability. 


Sample and Hold with Offset Adjustment 


-H+ LM102 V- 


— ■ V.I 

JO,, 


High Pass Active Filter 


* Polycarbonate-dielectric capacitor. 


nr 

100K 


C2* 


0.01/iF 



j. i mi m - 


'Values are for 100 Hz cutoff. Use 
metalized polycarbonate capacitors 
for good temperature stability. 


High Input Impedance AC Amplifier 
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102/LM302 



LM102/LM302 


Connection Diagram 

Metal Can Package 
Top View 


BALANCE 



TL/H/7753-2 


Order Number LM102H/883 
See NS Package Number H08C 
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National Semiconductor 


LM1 10/LM210/LM310 Voltage Follower 

General Description 

The LM110 series are monolithic operational amplifiers in- 
ternally connected as unity-gain non-inverting amplifiers. 

They use super-gain transistors in the input stage to get low 
bias current without sacrificing speed. Directly interchange- 
able with 101, 741 and 709 in voltage follower applications, 
these devices have internal frequency compensation and 
provision for offset balancing. 

The LM110 series are useful in fast sample and hold cir- 
cuits, active filters, or as general-purpose buffers. Further, 
the frequency response is sufficiently better than standard 
1C amplifiers that the followers can be included in the feed- 
back loop without introducing instability. They are plug-in 
replacements for the LM102 series voltage followers, offer- 


ing lower offset voltage, drift, bias current and noise in addi- 
tion to higher speed and wider operating voltage range. 
The LM1 10 is specified over a temperature range -55°C ^ 
T a ^ +125°C, the LM210 from -25°C <£ T A ^ +85°Cand 
the LM310 from 0°C ^ T A <; + 70°C. 

Features 

■ Input current 10 nA max over temperature 

■ Small signal bandwidth 20 MHz 

■ Slew rate 30 V/jas 

■ Supply voltage range ±5V to ±18V 



Schematic Diagram 



TL/H/7761-1 


2 
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LM110/LM210/LM310 




LM110/LM210/LM3 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 6) 

Supply Voltage ±18V 

Power Dissipation (Note 1) 500 mW 

1 nput Voltage (Note 2) ± 1 5 V 

Output Short Circuit Duration (Note 3) 1 ndefinite 

Operating Temperature Range 

LM110 — 55°C to + 125°C 

LM210 — 25°C to + 85°C 

LM310 0°Cto+70°C 

Storage T emperature Range - 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 260°C 

Soldering Information 

Dual-ln-Line Package 

Soldering (10 sec.) 260°C 

Small Outline Package 

Vapor Phase (60 sec.) 21 5°C 

Infrared (15 sec.) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability" for other methods of soldering sur- 
face mount devices. 

ESD rating to be determined. 

Electrical Characteristics (Note 4) 












Conditions 

LM110 

LM210 

LM310 

Units 

Min 

Typ 

C3S 



ESI 

Min 

Typ 


Input Offset Voltage 

T a = 25°C 


1.5 

EEi 


1.5 

BB!1 


2.5 

m 

mV 

Input Bias Current 

T a = 25°C 


1.0 

Wt * 1 


1.0 

Qj 


2.0 

m 

nA 

Input Resistance 

T a = 25°C 

1010 

1012 


1010 

1012 


1010 

1012 


ft 

Input Capacitance 



1.5 



1.5 



1.5 


PF 

Large Signal Voltage 
Gain 

T a = 25°C,V S = ± 15V 
V 0 UT= ±iov, R L = 8 kft 

0.999 

0.9999 


0.999 

0.9999 


0.999 

0.9999 


V/V 

Output Resistance 

T a = 25°C 


0.75 

ES3 


0.75 

m 


0.75 

m 

ft 

Supply Current 

T a = 25°C 



Q] 





3.9 


mA 

Input Offset Voltage 




B!f!l 



rn 



■a 

mV 

Offset Voltage 
Temperature Drift 

— 55°C <; T a ^ + 85°C 
+ 85 ^ T a <; 125°C 

0°C ^ T A ^ +70°C 

■ 

6 

12 

■ 

■ 

6 

■ 

■ 


■ 


Input Bias Current 




B3 



na 



na 

nA 

Large Signal Voltage 
Gain 

V s = ±15V,V 0 UT = ±iov 
r l = io kft 

0.999 



0.999 



0.999 

■ 


V/V 

Output Voltage 

Swing (Note 5) 

V s = ±15V,R l = 10 kfl 

±10 



±10 



±10 



V 

Supply Current 

T a = 125°C 


2.0 

Esa 


2.0 





mA 

Supply Voltage 
Rejection Ratio 

±5V^ V s ^ ±18V 

70 

80 


70 

80 


70 

80 


dB 

Note 1: The maximum junction temperature of the LM110 is 150°C, of the LM210 is 100°C, and of the LM310 is 85°C. For operating at elevated temperatures, 
devices in the H08 package must be derated based on a thermal resistance of 1 65°C/W, junction to ambient, or 22°C/W, junction to case. The thermal resistance 
of the dual-in-line package is 100°C/W, junction to ambient. 

Note 2: For supply voltages less than ± 15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: Continuous short circuit for the LM1 10 and LM210 is allowed for case temperatures to 125°C and ambient temperatures to 70°C, and for the LM310, 70°C 
case temperature or 55°C ambient temperature. It is necessary to insert a resistor greater than 2 kfl in series with the input when the amplifier is driven from low 
impedance sources to prevent damage when the output is shorted. Rs = 5k min, 10k typical is recommended for dynamic stability in all applications. 

Note 4: These specifications apply for ±5V <; V S <: ± 18V and -55°C <: T A 125°C for the LM1 10, -25°C £ T A <; 85°C for the LM210, and 0°C £ T A £ 70°C for 
the LM310 unless otherwise specified. 

Note 5: Increased output swing under load can be obtained by connecting an external resistor between the booster and V~ terminals. See curve. 

Note 6: Refer to RETS110X for LM110H, LM110J military specifications. 

Application Hint 

The input must be driven from a source impedance of typically 10 kft (5 kft min.) to maintain stability. The total source 
impedance will be reduced at high frequencies if there is stray capacitance at the input pin. In these cases, a 10 kft resistor 
should be inserted in series with the input, physically close to the input pin to minimize the stray capacitance and prevent 
oscillation. 
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OUTPUT SWING (±V) OUTPUT RESISTANCE (SI) VOLTAGE GAIN (V/V) INPUT CURRENT (nA) 


Typical Performance Characteristics (lmho/lm 2 io) 


Input Current 


-55 -35 -15 5 25 45 85 85 105 125 
TEMPERATURE <°C) 


Output Noise Voltage 


, izzftz 

10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Large Signal Pulse 
Response 



Voltage Gain and 
Phase Lag 


■III HUM 

■I'l IIIIH 

IIIIBH 

II 

*■ 

■i 

mm 

IIMIIIIIIi 

'"aaiiiiiii 

!iia?5SSS > iS!i 

Mi 

IIHBII'IIII 
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5SS!!!!S 

M 

in 
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llliiil 

liii 

iiiiKiiiii 

*■■111111* 
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iui*a?iiHii 
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!!!!SSS£'!!!' 


=55r 



10k 100k 

FREQUENCY (Hz) 


Voltage Gain and 
Phase Lag 


iiiiiiHaiiiiiiirAiiiiii 

I1III!IMIII | "'M1IIIII 

■mill * 41111 ! 

awim 
aamswi 
niiiiiuiviiii 

SSniii! 


1M 10M 

FREQUENCY (Hz) 



Voltage Gain 


- f 1 

W I § 
0 


MBMBES 


0.999 

-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE <°C) 


Output Resistance 


E DjjgiE ssiziiiissasi:;;:!! 

■ MVTfTfHIHlMMI ((■■■■I 111 I 




Symmetrical Output Swing 


Positive Output Swing 



10k 100k 

FREQUENCY (Hz) 



-55 -36 -15 5 25 45 65 85 185 125 
TEMPERATURE (°C) 


ISw9BS3SSSEI 

23 


bb 

BB 

HI 


HI 

IHI 

BB 

■■■SlfeC 

bb 

bh 

■I 

HBHI IHI 

BB 

IH 

Hi 


Hi 

BH 

HI 

mmm ihhh ihi 

BH 

BH 

HIHIIWHSCIHH 

BH 

BH 

ML 

HuAimHHH 1H| 

BH 


■1 

■■ ibhhi^p 

Hi 

BH 


fW^TyjjSStjjrTlM 

JH 

BBI 

ifl 

tMHjfiHIBH 

bb 

HI 

bh 

Hi Hi IHIH IHI 

BB 

■B 


HHHMHMMH 

Hi 

HI 


10 20 30 48 

CURRENT (mA) 


Large Signal 
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LM 1 10 /LM 2 1 0 /LM 3 1 0 



LM110/LM210/LM310 


Typical Performance Characteristics (lm3io> 


Input Current 



I10 2P 38 40 S0 80 70N 
TEMPERATURE (°C) 


Output Noise Voltage 



FREQUENCY (Hi) 


Large Signal Pulse 



0 Y 2 3 4 

TIME (/it) 


Voltage Gain and 
Phase Lag 


Voltage Gain and 
Phase Lag 


Voltage Gain 





0 YO 20 30 4S SO 60 70 10 

TEMPERATURE (°C) 


Positive Output Swing 



Large Signal 
Frequency Response 



FREQUENCY (Hz) 



I 

I 

K 

3 


Supply Current 



0 Y0 20 30 40 SO 00 70 80 


FREQUENCY (Hz) 


TEMPERATURE <*C) 


TL/H/7761 -29 
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LM 1 1 0/LM2 1 0/LM3 1 0 
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LM1 10/LM210/LM310 
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Typical Applications (Continued) 

Low Pass Active Filter 


ci* 
940 pF 



TL/H/7761-18 

•Values are for 10 kHz cutoff. Use silvered mica capacitors for good temperature stability. 

High Pass Active Filter 


R1 
1 1 0K 



TL/H/7761-19 

•Values are for 100 Hz cutoff. Use metalized polycarbonate capacitors for good temperature stability. 

Simulated Inductor 


R2 



TL/H/7761-21 




Typical Applications (Continued) 


Adjustable Q Notch Filter 



Bandpass Filter 


R2 

IK 



- OUTPUT 


TL/H/7761-23 


Sample and Hold 



TL/H/7761-24 


tUse capacitor with polycarbonate teflon or polythylene dietetric 




LM1 10/LM210/LM310 
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Connection Diagrams 


Metal Can Package 

BALANCE 



TL/H/7761-30 

Package is connected to Pin 4 (V - ) 

Top View 

Order Number LM110H, LM210H or LM310H 
LM 11 OH/883* 

See NS Package Number H08C 


Dual-In-Line Package 



Top View 

Order Number LM110J, LM210J, 
LM310J or LM110J/883* 

See NS Package Number J14A 


Dual-In-Line Package 



8 BALANCE 

7 V + 

6 OUTPUT 

5 BOOSTER 

TL/H/7761-32 


Order Number LM310M, LM310N or LM 110J-8/883* 
See NS Package Number J08A, M08A or N08E 



•Available per SMD# 5962-8760601 
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LM6121/LM6221/LM6321 



National Semiconductor 


LM6121/LM6221/LM6321 High Speed Buffer 


General Description 

These high speed unity gain buffers slew at 800 V/jlis and 
have a small signal bandwidth of 50 MHz while driving a 
50ft load. They can drive ± 300 mA peak and do not oscil- 
late while driving large capacitive loads. The LM6121 family 
are monolithic ICs which offer performance similar to the 
LH0002 with the additional features of current limit and ther- 
mal shutdown. 

These buffers are built with National’s VIPtm (Vertically Inte- 
grated PNP) process which provides fast PNP transistors 
that are true complements to the already fast NPN devices. 
This advanced junction-isolated process delivers high 
speed performance without the need for complex and ex- 
pensive dielectric isolation. 


Features 

■ High slew rate 800 V/jas 

■ Wide bandwidth 50 MHz 

■ Slew rate and bandwidth 100% tested 

■ Peak output current ±300 mA 

■ High input impedance 5 Mft 

■ LH0002H pin compatible 

■ No oscillations with capacitive loads 

■ 5V to ± 1 5V operation guaranteed 

■ Current and thermal limiting 

■ Fully specified to drive 50ft lines 

Applications 

■ Line Driving 

■ Radar 

■ Sonar 


Simplified Schematic 



Numbers in ( ) are for 8-pin N DIP. 


Connection Diagrams 

Plastic DIP 


Metal Can 



section on heat sinking require- 
ments. 

Order Number LM6221N, 
LM6321N or LM6121 J/883 
See NS Package 
Number J08A or N08E 


TL/H/9223-3 

Top View 

Note: Pin 6 connected to case. 

Order Number LM6221H or 
LM6121H/883 
See NS Package 
Number H08C 


Plastic SO 



TL/H/9223-7 

*Pin 3 must be connected to the negative supply. 

** Heat-sinking pins. See Application section on heat-sinking requirements. 
These pins are at V~ potential. 

Order Number LM6321M 
See NS Package Number M14A 
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Absolute Maximum Ratings (Note i) 

ESD T olerance (Note 8) ± 2000V 

Junction Temperature (Tj(max)) 1 50°C 

Operating Ratings 

Operating Temperature Range 
LM61 21 H/883 - 55°C to + 1 25°C 

LM6221 — 40°C to +85°C 

LM6321 0°C to + 70°C 

Operating Supply Range 4.75 to ± 1 6V 

Thermal Resistance (0ja), (Note 4) 

H Package 150°C/W 

N Package 47°C/W 

M Package 69°C/W 

Thermal Resistance (0jc), H Package 1 7°C/W 


DC Electrical Characteristics 

The following specifications apply for Supply Voltage = ± 15V, Vqm = 0, R|_ ^ 100 kft and Rs = 50ft unless otherwise noted. 
Boldface limits apply for Ta = Tj = T^in to T^AXi a* 1 other limits Ta = Tj = 25°C. 







LM6221 

LM6321 


Symbol 

Parameter 

Conditions 

Typ 



Limit 

Units 







(Note 5) 


Avi 

Voltage Gain 1 

R L = 1 kft, V| N = + 10V 

0.990 

0.980 

0.980 

0.970 





0.970 

0.950 

0.950 


A V 2 

Voltage Gain 2 

R l = 50ft, Vj N = ±10V 

0.900 

0.860 

0.860 

0.850 

V/V 




0.800 

0.820 

0.820 

Min 

Av3 

Voltage Gain 3 

R l = 50ft, V+ = 5V 

0.840 

0.780 

0.780 

0.750 



(Note 6) 

V| N ~ 2 V pp ( 1.5 V pp ) 

0.750 

0.700 

0.700 




R L = 1 kft 

15 




mV 







Max 

•b 



1 

4 



julA 




7 



Max 


Input Resistance 

R l = 50ft 

5 




Mft 

C|N 

Input Capacitance 


3.5 




PF 

Ro 

Output Resistance 

loUT = — 1 0 m A 

g 

5 

mm 

5 

ft 





10 

KEH 

6 

Max 

Isi 

Supply Current 1 

R L = °° 

15 

18 

mm 

20 





20 

i mam 

22 

mA 

^S2 

Supply Current 2 

R l — °o,V+ = 5V 

14 

16 

16 

18 

Max 




18 

18 

20 


Voi 

Output Swing 1 

R l = Ik 

13.5 

13.3 

13.3 

13.2 





13 

13 

13 


v 0 2 

Output Swing 2 

R l = 100ft 




mm 

±V 






IB 

Min 

V 0 3 

Output Swing 3 

R|_ = 50ft 


11 

9 


m 


V 0 4 

Output Swing 4 

R l = 50ft, V+ = 5V 

1.8 

1.6 


1.6 

Vpp 



(Note 6) 

1.3 


1.5 

Min 

PSSR 

Power Supply 

V± = +5V to +15V 

70 

60 

60 

60 

dB 


Rejection Ratio 


55 

50 

50 

Min 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage 

Input to Output Voltage (Note 2) 
Input Voltage 

Output Short-Circuit to GND 
(Note 3) 

Storage Temperature Range 
Lead Temperature 
(Soldering, 10 seconds) 
Power Dissipation 


36V (±18) 
±7 V 
±Vsupply 
Continuous 

- 65°C to + 1 50°C 

260°C 
(Note 10) 
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LM6121/LM6221/LM6321 


AC Electrical Characteristics 

The following specifications apply for Supply Voltage = ± 15V, Vqm = 0, R|_ ^ 100 kft and Rs = 50ft unless otherwise noted. 
Boldface limits apply for T/\ = Tj = Tmin to Tmax; all other limits Ta = Tj = 25°C. 


Symbol 

Parameter 

Conditions 

Typ 

LM6121 

LM6221 

LM6321 

Units 

Limit 
(Note 5) 

Limit 
(Note 5) 


SR-j 


V )N = ±11V,R L = 1 kft 


550 

550 

550 

V/jLlS 

Min 


Slew Rate 2 

V iN = ±11V, R L = 50ft 
(Note 7) 

800 

550 

550 


ISM 

Slew Rate 3 

V )N = 2 Vpp, R L = 50ft 

V+ = 5V (Note 6) 


550 


550 

■ 

-3 dB Bandwidth 

Vin = ±100 mVpp, R|_ — 50ft 
C L <: 10 pF 


30 


30 

MHz 

Min 

tr.tf 

Rise Time 

Fall Time 

Rl = 50ft, C|_ <; 10 pF 

Vq =100 mVpp 

7.0 




ns 

tpd 

Propagation 

Delay Time 

R l = 50ft, C L ^ 10 pF 

Vq = 100 mVpp 

4.0 




ns 

Os 

Overshoot 

R L = 50ft, C L ^ 10 pF 

Vq =100 mVpp 

10 




% 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its rated operating conditions. 

Note 2: During current limit or thermal limit, the input current wili increase if the input to output differential voltage exceeds 8V. For input to output differential 
voltages in excess of 8V the input current should be limited to ±20 mA. 

Note 3: The LM6121 series buffers contain current limit and thermal shutdown to protect against fault conditions. 

Note 4: The thermal resistance 0ja of the device in the N package is measured when soldered directly to a printed circuit board, and the heat-sinking pins (pins 1 , 
4, 5 and 8) are connected to 2 square inches of 2 oz. copper. When installed in a socket, the thermal resistance 0ja of the N package is 84°C/W. The thermal 
resistance 0ja of the device in the M package is measured when soldered directly to a printed circuit board, and the heat-sinking pins (pins 1, 2, 6, 7, 8, 9, 13, 14) 
are connected to 1 square inch of 2 oz. copper. „ 

Note 5: Limits are guaranteed by testing or correlation. 

Note 6: The input is biased to 2.5V and Vin swings V pp about this value. The input swing is 2 V pp at all temperatures except for the Ay3 test at -55°C where it is 
reduced to 1 .5 Vpp. 

Note 7: Slew rate is measured with a ± 1 1 V input pulse and 50ft source impedance at 25°C. Since voltage gain is typically 0.9 driving a 50ft load, the output swing 
will be approximately ±10V. Slew rate is calculated for transitions between ±5V levels on both rising and falling edges. A high speed measurement is done to 
minimize device heating. For slew rate versus junction temperature see typical performance curves. The input pulse amplitude should be reduced to ±10V for 
measurements at temperature extremes. For accurate measurements, the input slew rate should be at least 1700 V/jas. 

Note 8: The test circuit consists of the human body model of 1 20 pF in series with 1 500ft. 

Note 9: For specification limits over the full Military Temperature Range, see RETS6121X. 

Note 10: The maximum power dissipation is a function of Tj( max ), 0ja, and Ta- The maximum allowable power dissipation at any ambient temperature is Pq = 
Oj(max) - TA)/0JA- 
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PERCENT OVERSHOOT GAIN (dB) 


Typical Performance Characteristics Tj = 25°C, unless otherwise specified 



1 2 5 10 20 50 100 

FREQUENCY (MHz) 


Overshoot vs Capacitive Load 



Frequency Response 



1 2 5 10 20 50 100 

FREQUENCY (MHz) 

Large Signal Response 
R L = 1 kft 



Slew Rate vs Temperature 



JUNCTION TEMPERATURE (°C) 

Large Signal Response 
R l = 50ft 



LOAD CAPACITANCE (pF) 


TIME (20 ns/div) 


TIME (20 ns/dlv) 


Supply Current 



0 2 4 6 8 10 12 14 16 18 20 
SUPPLY VOLTAGE (iV) 



0 2 4 6 8 10 12 14 16 18 20 
SUPPLY VOLTAGE (tV) 



0 2 4 6 8 10 12 14 16 18 20 
SUPPLY VOLTAGE (±V) 



0 4 8 12 16 20 24 

INPUT AMPLITUDE (Vp-p) 



12 5 10 20 50 100 

FREQUENCY (MHz) 


TL/H/9223-4 




LM61 21/LM6221 /LM6321 


Typical Performance Characteristics Tj = 25°C, unless otherwise specified (Continued) 


Input Return Gain (S11) 
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Forward Transmission 
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Application Hints 

POWER SUPPLY DECOUPLING 

The method of supply bypassing is not critical for stability of 
the LM61 21 series buffers. However, their high current out- 
put combined with high slew rate can result in significant 
voltage transients on the power supply lines if much induc- 
tance is present. For example, a slew rate of 900 V//xs into 
a 50ft load produces a di/dt of 18 A/ju,s. Multiplying this by 
a wiring inductance of 50 nH (which corresponds to approxi- 
mately 1 y 2 " of 22 gauge wire) result in a 0.9V transient. To 
minimize this problem use high quality decoupling very close 
to the device. Suggested values are a 0.1 ju,F ceramic in 
parallel with one or two 2.2 jmF tantalums. A ground plane is 
recommended. 

LOAD IMPEDANCE 

The LM6121 is stable to any load when driven by a 50ft 
source. As shown in the Overshoot vs Capacitive Load 
graph, worst case is a purely capacitive load of about 
1000 pF. Shunting the load capacitance with a resistor will 
reduce overshoot. 

SOURCE INDUCTANCE 

Like any high frequency buffer, the LM6121 can oscillate at 
high values of source inductance. The worst case condition 
occurs at a purely capacitive load of 50 pF where up to 
100 nH of source inductance can be tolerated. With a 50ft 
load, this goes up to 200 nH. This sensitivity may be re- 
duced at the expense of a slight reduction in bandwidth by 
adding a resistor in series with the buffer input. A 100ft 
resistor will ensure stability with source inductances up to 
400 nH with any load. 

OVERVOLTAGE PROTECTION 

The LM6121 may be severely damaged or destroyed if the 
Absolute Maximum Rating of 7V between input and output 
pins is exceeded. 


If the buffer’s input-to-output differential voltage is allowed 
to exceed 7V, a base-emitter junction will be in reverse- 
breakdown, and will be in series with a forward-biased base- 
emitter junction. Referring to the LM6121 simplified sche- 
matic, the transistors involved are Q1 and Q3 for positive 
inputs, and Q2 and Q4 for negative inputs. If any current is 
allowed to flow through these junctions, localized heating of 
the reverse-biased junction will occur, potentially causing 
damage. The effect of the damage is typically increased 
offset voltage, increased bias current, and/or degraded AC 
performance. Furthermore, this will defeat the short-circuit 
and over-temperature protection circuitry. Exceeding ±7V 
input with a shorted output will destroy the device. 

The device is best protected by the insertion of the parallel 
combination of a 100 kft resistor (R1) and a small capacitor 
(Cl) in series with the buffer input, and a 100 kft resistor 
(R2) from input to output of the buffer (see Figure 1 ). This 
network normally has no effect on the buffer output. Howev- 
er, if the buffer’s current limit or shutdown is activated, and 
the output has a ground-referred load of significantly less 
than 100 kft, a large input-to-output voltage may be pres- 
ent. R1 and R2 then form a voltage divider, keeping the 
input-output differential below the 7 V Maximum Rating for 
input voltages up to 1 4V. This protection network should be 
sufficient to protect the LM6121 from the output of nearly 
any op amp which is operated on supply voltages of ± 15V 
or lower. 


100 pF 100 kft. 



TL/H/9223-6 

FIGURE 1. LM6121 with Overvoltage Protection 
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Application Hints 

HEATSINK REQUIREMENTS 

A heatsink may be required with the LM6321 depending on 
the maximum power dissipation and maximum ambient tem- 
perature of the application. Under ail possible operating 
conditions, the junction temperature must be within the 
range specified under Absolute Maximum Ratings. 

To determine if a heatsink is required, the maximum power 
dissipated by the buffer, P(max), must be calculated. The 
formula for calculating the maximum allowable power dissi- 
pation in any application is Pq = (Tj(max)-TA)/0jA- For 
the simple case of a buffer driving a resistive load as in 
Figure 2, the maximum DC power dissipation occurs when 
the output is at half the supply. Assuming equal supplies, 
the formula is Pq = Is (2V+) + V+ 2 /2 R|_. 


v+ 



TL/H/9223-8 


Figure 3 shows copper patterns which may be used to dissi- 
pate heat from the LM6321 . 


8-Pin DIP 




L* 


*For best results, use L = 2H 


TL/H/9223-10 


FIGURE 3. Copper Heatsink Patterns 


The next parameter which must be calculated is the maxi- 
mum allowable temperature rise, T R (max). This is calculat- 
ed by using the formula: 

T R (max) = Tj(max) - T A (max) 
where: Tj(max) is the maximum allowable junction tempera- 
ture 

TA(max) is the maximum ambient temperature 
Using the calculated values for T R (max) and P(max), the 
required value for junction-to-ambient thermal resistance, 
0(j_A)> can now be found: 

0(j-A) = T R (max)/P(max) 

The heatsink for the LM6321 is made using the PC board 
copper. The heat is conducted from the die, through the 
lead frame (inside the part), and out the pins which are sol- 
dered to the PC board. The pins used for heat conduction 
are: 


TABLE I 


Part 

Package 

Pins 

LM6321N 

8-Pin DIP 

1,4, 5,8 

LM6321M 

14-Pin SO 

1,2,3, 6, 7, 

8, 9,13,14 


Table II shows some values of junction-to-ambient thermal 
resistance (0j_a) for values of L and W for 2 oz. copper: 


TABLE II 


Package 

L (in.) 

H (in.) 

0J-A ( 0 C/W) 

8-Pin DIP 

2 

0.5 

47 

14-Pin SO 

1 

0.5 

69 

2 

1 

57 
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LM6125/LM6225/LM6325 



National Semiconductor 


LM6 1 25/LM6225/LM6325 High Speed Buffer 


General Description 

The LM6125 family of high speed unity gain buffers slew at 
800 V/juts and have a small signal bandwidth of 50 MHz 
while driving a 50ft load. These buffers drive ±300 mA 
peak and do not oscillate while driving large capacitive 
loads. The LM6125 contains unique features not found in 
power buffers; these include current limit, thermal shut- 
down, electronic shutdown, and an error flag that warns of 
fault conditions. 

These buffers are built with National’s VIPtm (Vertically Inte- 
grated PNP) process which provides fast PNP transistors 
that are true complements to the already fast NPN devices. 
This advanced junction-isolated process delivers high 
speed performance without the need for complex and ex- 
pensive dielectric isolation. 


Features 

■ High slew rate 800 V/jns 

■ High output current ±300 mA 

■ Stable with large capacitive loads 

■ Current and thermal limiting 

■ Electronic shutdown 

■ 5V to ± 1 5V operation guaranteed 

■ Fully specified to drive 50ft lines 

Applications 

■ Line Driving 

■ Radar 

■ Sonar 


Simplified Schematic and Block Diagram Pin Configurations 



TL/H/9222-1 



V+ 


v 0UT 



*Heat sinking pins. 

Internally connected to V- . 

Order Number LM6225N 
or LM6325N 

See NS Package Number N14A 

N/C 



Top View 


Note: Pin 4 connected to case 


Numbers in ( ) are for 14-pin N DIP. 


Order Number LM6125H/883* 
or LM6125H 

See NS Package Number H08C 


* Available per 5962-9081501 
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Absolute Maximum Ratings (Note i> 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage 36V ( ± 1 8V) 

Input to Output Voltage (Note 2) ± 7V 

Input Voltage ± Vsupply 

Output Short-Circuit to GND 

(Note 3) Continuous 

Flag Output Voltage GND ^ Vflag ^ + Vsupply 

Storage T emperature Range - 65°C to + 1 50°C 

Lead Temperature 

(Soldering, 10 seconds) 260°C 


ESD Tolerance (Note 9) 

0 JA (Note 4) 

H Package 
N Package 

Maximum Junction Temperature (Tj) 
Operating Temperature Range 
LM6125 
LM6225 
LM6325 

Operating Supply Voltage Range 


1 50°C/W 
40°C/W 
150°C 

- 55°C to + 1 25°C 
— 40°Cto +85°C 
0°C to +70°C 
4.75V to ± 16V 


DC Electrical Characteristics 

The following specifications apply for Supply Voltage = ± 15V, Vcm = 0, R|_ ^ 100 kft and Rs = 50ft unless otherwise noted. 
Boldface limits apply for Ta = Tj = T^in to t max; all other limits Ta = Tj = 25°C. 


Symbol 

Parameter 

Conditions 

Avi 

Voltage Gain 1 

R L = Ikft, V 1N = ±10V 

A V2 

Voltage Gain 2 

R l = 50ft, V| N = ±10V 

AV3 

Voltage Gain 3 
(Note 6) 

R l = 500, V + = 5V 

V|N = 2Vpp(1.5Vpp) 

Vos 

Offset Voltage 

R l = 1 kft 

>B 

Input Bias Current 

R l = 1 kft, R s = 10 kft 

R|N 

Input Resistance 

R l = 50ft 




Output Resistance 


Supply Current 1 


Supply Current 2 



Flag Pin Output 
High Current 


Iqut ~ — 1 0 mA 


Rl_ = °° 


R l = oo,v + = 5V 


R l = oo.V* = ± 15V 


R l = 1 kft 
R l = 100ft 


R|_ = 50ft 


R|_ = 50ft 


V + = 5V (Note 6) 


V± = ±5V to ± 15V 
V S /d = 0V 


V 0 h Flag Pin = 15V 
(Note 7) 


Limit 

(Notes 5, 10) 

0.980 

0.970 


Limit 

(Note5) 

0.980 

0.950 


LM6325 

Limit 
(Note 5) 

0.970 

0.950 



LM6125/LM6225/LM6325 
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DC Electrical Characteristics (continued) 

The following specifications apply for Supply Voltage - ± 1 5V, Vqm = 0, R|_ ^ 1 00 kft and Rs = 50ft unless otherwise .noted. 
Boldface limits apply for Ta = Tj = Tmin to T MAXi all other limits Ta = Tj = 25°C. 

Symbol 

Parameter 

Conditions 



LM6225 

LM6325 

Units 

Limit 

(Notes 5, 10) 

Limit 
(Note 5) 

Limit 
(Note 5) 

Vth 

Shutdown Threshold 


1.4 




V 

V|H 

Shutdown Pin 

Trip Point High 



2.0 

2.0 

2.0 

2.0 


V 

Min 

VlL 

Shutdown Pin 

Trip Point Low 



0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

V 

Max 

*IL 

Shutdown Pin 

Input Low Current 

V S /D = 0V 



-10 

-20 


m 

>IH 

Shutdown Pin 

Input High Current 

V S/D = 5V 

-0.05 

-to 

-20 

WmM 

■ 

m 

lo 

Bi-State Output Current 

Shutdown Pin = 0V 
Vqut = + 5Vor -5V 

1 

50 

2000 

■ 

100 

200 

jxA 

AC Electrical Characteristics 

The following specifications apply for Supply Voltage — ± 15V, Vcm = 0, Rl ^ 100 kft and Rs = 50ft unless otherwise noted. 
Boldface limits apply for Ta = Tj = Tmin to Tmax; all other limits Ta = Tj = 25°C. 

Symbol 

Parameter 

Conditions 

Typ 

LM6125 

LM6225 

LM6325 

Units 

Limit 
(Note 5) 

Limit 
(Note 5) 


SR-| 

Slew Rate 1 

V| N = ±11V,R l = 1 kft 

1200 




V/ fis 

Min 

SR 2 

Slew Rate 2 

V|N — + 11V, R l = 50ft 
(Note 8) 

800 

n 


550 

sr 3 

Slew Rate 3 

V|n = 2 Vpp, R|_ = 50ft 

V + = 5V (Note 6) 

50 




BW 

-3 dB Bandwidth 

Vin == 100 mVpp 

R l = 50ft, C L <£ 10 pF 

50 

30 

30 

30 

MHz 

Min 

tr.tf 

Rise Time 

Fall Time 

R|_ = 50ft, C L ^ 10 pF 

Vq = 100 mVpp 

8.0 




ns 

tPD 

Propagation 

Delay Time 

R|_ = 50ft, Cl ^ 10 pF 

Vq =100 mVpp 

4.0 




ns 

Os 

Overshoot 

R L = 50ft, C L <; 10 pF 

Vq = 100 mVpp 





% 

VFT 

V|n> Vout Feedthrough 
in Shutdown 

Shutdown Pin = 0V 

V|n = 4 Vpp, 1 MHz 

Rl = 50ft 

-50 




dB 

OoUT 

Output Capacitance 
in Shutdown 

Shutdown Pin = 0V 

30 




PF 

tSD 

Shutdown 

Response Time 


700 




ns 
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Electrical Characteristics (Continued) 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its rated operating conditions. 

Note 2: During current limit, thermal limit, or electronic shutdown the input current will increase if the input to output differential voltage exceeds 8V. See 
Overvoltage Protection in Application Hints. 

Note 3: The LM6125 series buffers contain current limit and thermal shutdown to protect against fault conditions. 

Note 4: For operation at elevated temperature, these devices must be derated based on a thermal resistance of 0ja and Tj max, Tj = Ta + 0ja Pd- 0jc for the 
LM6125H and LM6225H is 17°C/W. The thermal impedance 0 ja of the device in the N package is 40°C/W when soldered directly to a printed circuit board, and the 
heat-sinking pins (pins 3, 4, 5, 10, 11, and 12) are connected to 2 square inches of 2 oz. copper. When installed in a socket, the thermal impedance 0 ja of the N 
package is 60°C/W. 

Note 5: Limits are guaranteed by testing or correlation. 

Note 6: The input is biased to + 2.5 V, and Vin swings Vpp about this value. The input swing is 2 Vpp at all temperatures except for the Av3 test at - 55°C where it is 
reduced to 1.5 Vpp. 

Note 7: The Error Flag is set (low) during current limit or thermal fault detection in addition to being set by the Shutdown pin. It is an open-collector output which 
requires an external pullup resistor. 

Note 8: Slew rate is measured with a ± 1 1 V input pulse and 50ft source impedance at 25°C. Since voltage gain is typically 0.9 driving a 50ft load, the output swing 
will be approximately ±10V. Slew rate is calculated for transitions between ±5V levels on both rising and falling edges. A high speed measurement is done to 
minimize device heating. For slew rate versus junction temperature see typical performance curves. The input pulse amplitude should be reduced to ±10V for 
measurements at temperature extremes. For accurate measurements, the input slew rate should be at least 1 700 V//xs. 

Note 9: The test circuit consists of the human body model of 1 20 pF in series with 1 500ft. 

Note 10: A military RETS specification is available on request. At the time of printing, the LM6125H/883 RETS spec complied with the Boldface limits in this 
column. The LM6125H/883 may also be procured as Standard Military Drawing specification #5962-9081 50 1MXX. 

Typical Performance Characteristics Ta = 25°C, Vs = ± 15V, unless otherwise specified 



Large Signal Response 

Overshoot vs Capacitive Load (Rl = 1 kfl) 




10 100 1000 10,000 TIME (20ns/dW) 

LOAD CAPACITANCE (pF) 


Large Signal Response 
(R l = 5011) 



TIME (20ns/div) 


TL/H/9222-5 
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Typical Performance Characteristics Ta = 25°C, Vs = ± 15V, unless otherwise specified (Continued) 


Supply Current 
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-3 dB Bandwidth 
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Typical Connection Diagram 


(+5 to +15V) 

V+ 



TL/H/9222-6 


Application Hints 

POWER SUPPLY DECOUPLING 

The method of supply bypassing is not critical for stability of 
the LM6125 series buffers. However, their high current out- 
put combined with high slew rate can result in significant 
voltage transients on the power supply lines if much induc- 
tance is present. For example, a slew rate of 900 V/jas into 
a 50ft load produces a di/dt of 18 A/jas. Multiplying this by 
a wiring inductance of 50 nH results in a 0.9V transient. To 
minimize this problem use high quality decoupling very close 
to the device. Suggested values are a 0.1 ju,F ceramic in 
parallel with one or two 2.2 ju,F tantalums. A ground plane is 
recommended. 

LOAD IMPEDANCE 

The LM61 25 is stable into any load when driven by a 50ft 
source. As shown in the Overshoot vs Capacitive Load 
graph, worst case is a purely capacitive load of about 
1000 pF. Shunting the load capacitance with a resistor will 
reduce overshoot. 

SOURCE INDUCTANCE 

Like any high-frequency buffer, the LM6125 can oscillate at 
high values of source inductance. The worst case condition 
occurs at a purely capacitive load of 50 pF where up to 
100 nH of source inductance can be tolerated. With a 50ft 
load, this goes up to 200 nH. This sensitivity may be re- 
duced at the expense of a slight reduction in bandwidth by 
adding a resistor in series with the buffer input. A 100ft 
resistor will ensure stability with source inductances up to 
400 nH with any load. 

ERROR FLAG LOGIC 

The Error Flag pin is an open-collector output which re- 
quires an external pull-up resistor. Flag voltage is HIGH dur- 
ing operation, and is LOW during a fault condition. A fault 
condition occurs if either the internal current limit or the 
thermal shutdown is activated, or the shutdown (S/D) pin is 
driven low by external logic. Flag voltage returns to its HIGH 
state when normal operation resumes. 

If the S/D pin is not to be used, it should be connected to 
V+. 


OVERVOLTAGE PROTECTION 

The LM6125 may be severely damaged or destroyed if the 
Absolute Maximum Rating of 7V between input and output 
pins is exceeded. 

If the buffer’s input-to-output differential voltage is allowed 
to exceed 7V, a base-emitter junction will be in reverse- 
breakdown, and will be in series with a forward-biased base- 
emitter junction. Referring to the LM6125 simplified sche- 
matic, the transistors involved are Q1 and Q3 for positive 
inputs, and Q2 and Q4 for negative inputs. If any current is 
allowed to flow through these junctions, localized heating of 
the reverse-biased junction will occur, potentially causing 
damage. The effect of the damage is typically increased 
offset voltage, increased bias current, and/or degraded AC 
performance. The damage is cumulative, and may eventual- 
ly result in complete device failure. 

The device is best protected by the insertion of the parallel 
combination of a 100 kft resistor (R1) and a small capacitor 
(Cl) in series with the buffer input, and a 100 kft resistor 
(R2) from input to output of the buffer (see Figure /). This 
network normally has no effect on the buffer output. Howev- 
er, if the buffer’s current limit or shutdown is activated, and 
the output has a ground-referred load of significantly less 
than 1 00 kft, a large input-to-output voltage may be pres- 
ent. R1 and R2 then form a voltage divider, keeping the 
input-output differential below the 7 V Maximum Rating for 
input voltages up to 1 4 V. This protection network should be 
sufficient to protect the LM6125 from the output of nearly 
any op amp which is operated on supply voltages of ± 1 5V 
or lower. 

100 pF lookfl, 



TL/H/9222-8 

FIGURE 1. LM6125 with Overvoltage Protection 
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National Semiconductor 


Voltage Comparators 
Definition of Terms 


Input Bias Current: The average of the two input currents. 
Input Offset Current: The absolute value of the difference 
between the two input currents for which the output will be 
driven higher than or lower than specified voltages. 

Input Offset Voltage: The absolute value of the voltage 
between the input terminals required to make the output 
voltage greater than or less than specified voltages. 

Input Voltage Range: The range of voltage on the input 
terminals (common-mode) over which the offset specifica- 
tions apply. 

Logic Threshold Voltage: The voltage at the output of the 
comparator at which the loading logic circuitry changes its 
digital state. 

Negative Output Level: The negative DC output voltage 
with the comparator saturated by a differential input equal to 
or greater than a specified voltage. 

Output Leakage Current: The current into the output termi- 
nal with the output voltage within a given range and the 
input drive equal to or greater than a given value. 

Output Resistance: The resistance seen looking into the 
output terminal with the DC output level at the logic thresh- 
old voltage. 

Output Sink Current: The maximum negative current that 
can be delivered by the comparator. 

Positive Output Level: The high output voltage level with a 
given load and the input drive equal to or greater than a 
specified value. 

Power Consumption: The power required to operate the 
comparator with no output load. The power will vary with 
signal level, but is specified as a maximum for the entire 
range of input signal conditions. 


Response Time: The interval between the application of an 
input step function and the time when the output crosses 
the logic threshold voltage. The input step drives the com- 
parator from some initial, saturated input voltage to an input 
level just barely in excess of that required to bring the output 
from saturation to the logic threshold voltage. This excess is 
referred to as the voltage overdrive. 

Saturation Voltage: The low-output voltage level with the 
input drive equal to or greater than a specified value. 
Strobe Current: The current out of the strobe terminal 
when it is at the zero logic level. 

Strobe Output Level: The DC output voltage, independent 
of input conditions, with the voltage on the strobe terminal 
equal to or less than the specified low state. 

Strobe “ON” Voltage: The maximum voltage on either 
strobe terminal required to force the output to the specified 
high state independent of the input voltage. 

Strobe “OFF” Voltage: The minimum voltage on the strobe 
terminal that will guarantee that it does not interfere with the 
operation of the comparator. 

Strobe Release Time: The time required for the output to 
rise to the logic threshold voltage after the strobe terminal 
has been driven from zero to the one logic level. 

Supply Current: The current required from the positive or 
negative supply to operate the comparator with no output 
load. The power will vary with input voltage, but is specified 
as a maximum for the entire range of input voltage condi- 
tions. 

Voltage Gain: The ratio of the change in output voltage to 
the change in voltage between the input terminals produc- 
ing it. 



Voltage Comparators— Definition of Terms 



Voltage Comparators Selection Guide 


National Semiconductor 

Voltage Comparators Selection Guide 


Response 
Time (Typ) 
ns 

Vos 

mV(Max) 

Is 

mA(Max) 

■b 

nA(Max) 

Special Features 

T a = 25°C (Notes 1 and 2) 





LM6685 

2.6 

1.9 

23 

9,000 

Single, Very High Speed ECL Output 

LM6687 

2.6 

1.9 

38 

9,000 

Dual, Very High Speed ECL Output 

LM360 

14 

5 

32 

20,000 

High Speed, Complementary Outputs 

LM361 

14 

5 

20 

30,000 

High Speed w/Strobes 

LM306 

28 

5 

10 

25,000 

High Speed, High Drive 

LM319 

80 

8 

12.5 

1000 

High Speed Dual 

LM651 1 

180 

5 

3.5 

130 


LF311 

200 

, 10 

7.5 

0.15 

FET Input 

LM311 

200 

7.5 

7.5 

250 

General Purpose Single 

LH2311 

200 

7.5 

7.5 

250 

Dual LM311 

LP311 

1200 

7.5 

0.3 

100 

Low Power Single 

LM339 

1300 

5 

2.5 

250 

General Purpose Quad 

LM392 

1300 

10 

1 

400 

One Comparator Plus One Op Amp 

LM393 

1300 

5 

2.5 

250 

General Purpose Dual 

LM2901 

1300 

7 

2.5 

250 

Automotive Quad 

LM612 

1500 

5 

0.250 

35 

Super-BlockTM 

Dual Comparator + Reference 

LM613 

1500 

5 

1 

35 

Super-BlockTM 

Dual Comparator + Dual Op Amp 
+ Reference 

LM615 

1500 

5 

0.600 

35 

Super-BlockTM 

Quad Comparator + Reference 

LM2903 

1500 

7 

2.5 

250 

Automotive Dual 

LP365 

4000 

6 

0.275 

75 

Programmable Quad 

LP339 

8000 

5 

0.1 

25 

Low Power Quad 

LMC676214 

4000 

5 

0.01 


MicroPower Rail-to-Rail Input & 

Output CMOS Comparator 

LMC6762 

4000 

5 

20 jliA 

0.02 pA (typ) 

MicroPower Dual 

LMC6764 

4000 

5 

40 jliA 

0.02 pA (typ) 

MicroPower Quad 

LMC6772 

4000 

5 

20 jj,A 

0.02 pA (typ) 

MicroPower Dual, Open Drain Output 

LMC6774 

4000 

5 

40 jaA 

0.02 pA (typ) 

MicroPower Quad, Open Drain 

Output 

LMC7211 

4000 

15 

7 jllA 

0.02 pA (typ) 

TinyPakTM SOT23-5 MicroPower 
Comparator 

LMC7221 

4000 

15 

7 juA 

0.02 pA (typ) 

TinyPak SOT23-5 MicroPower 
Comparator, Open Drain Output 

Note 1: Datasheet should be referred to for test conditions and more detailed information. 


Note 2: This selection guide should be used to select for Response Time required. Industrial and Military Temperature Range types are available. The DC specs 
are for the lowest Commercial Grade available. 
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National Semiconductor 

LF1 1 1/LF21 1/LF31 1 Voltage Comparators 

General Description 

The LF111, LF211 and LF311 are FET input voltage com- 
parators that virtually eliminate input current errors. De- 
signed to operate over a 5.0V to ± 1 5V range the LF1 1 1 
can be used in the most critical applications. 

The extremely low input currents of the LF1 1 1 allows the 
use of a simple comparator in applications usually requiring 
input current buffering. Leakage testing, long time delay cir- 
cuits, charge measurements, and high source impedance 
voltage comparisons are easily done. 


Schematic Diagram 



Metal Can Package 



Top View 

Order Number LF1 1 1 H, LF1 1 1H-MIL or LF31 1H 
See NS Package Number H08C 


Further, the LF1 1 1 can be used in place of the LM1 1 1 elimi- 
nating errors due to input currents. See the “application 
hints” of the LM31 1 for application help. 

Features 

■ Eliminates input current errors 

■ Interchangeable with LM111 

■ No need for input current buffering 
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LF1 1 1/LF21 1/LF31 1 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


(Note 8) 

LF111/LF211 LF311 


Total Supply Voltage (Vg 4 ) 

36V 

36V 

Output to Negative Supply 
Voltage (V 74 ) 

50V 

40V 

Ground to Negative Supply 
Voltage (V 14 ) 

30V 

30V 

Differential Input Voltage 

±30V 

±30V 

Input Voltage (Note 1) 

± 15V 

± 15V 

Power Dissipation (Note 2) 

500 mW 

500 mW 

Output Short Circuit Duration 

10 seconds 

10 seconds 


Operating Temp. 
Range 

LF111/LF211 

LF311 

LF111 

— 55°C to + 1 25°C 


LF211 

— 25°Cto +85°C 


LF311 

Storage Temp. 


0°CtO + 70°C 

Range 

Lead Temp. 
(Soldering, 

— 65°C to + 150°C 

-65°Cto + 1 50°C 

10 seconds) 

260°C 

260°C 

ESD rating to be determined. 



Electrical Characteristics <lfih/lf2h) (Note 3) 


Parameter 

Conditions 

Input Offset Voltage (Note 4) 

T A =25°C, R s ^ 50k 

Input Offset Current (Note 4) 

T a = 25°C, V C m = 0 (Note 6 ) 

Input Bias Current 

T A = 25°C, V C m = 0 (Note 6 ) 

Voltage Gain 

T A = 25°C 

Response Time (Note 5) 

T a = 25°C 

Saturation Voltage 

V| N <; -5.0 mV, I O ut= 50 mA, T A =25°C 

Strobe On Current 

T a =25°C 

Output Leakage Current 

V| N ^5.0 mV, V 0 ut=35V, T a =25°C 

Input Offset Voltage (Note 4) 

R S ^ 50k 

Input Offset Current (Note 4) 

V s = ± 1 5 V, V C m = 0 (Note 6 ) 

Input Bias Current 

V s = ± 15 V, V C m = 0 (Note 6 ) 

Input Voltage Range 


Saturation Voltage 

V+ 2:4.5V, V-=0 

V|n ^ -6.0 mV, Iout^S.O mA 

Output Leakage Current 

V| N ^5.0mV,V O uT = 35V 

Positive Supply Current 

T A =25°C 

Negative Supply Current 

T a =25°C 



Note 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is equal to the 
negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temperature of the LF111 is + 150°C, the LF211 is +110°C and the LF311 is -t-85°C. For operating at elevated temperatures, 
devices in the H08 package must be derated based on a thermal resistance of + 65°C/W junction to ambient (in 400 linear feet/min air flow), + 165°C/W junction 
to ambient (in static air), or +20°C/W junction to case. 

Note 3: These specifications apply for Vs= ±15V, and the Ground pin at ground, and-55°C^TA^ + 125°C for the LF111, unless otherwise stated. With the 
LF21 1, however, all temperature specifications are limited to -25 °C^Ta^ ±85°C and for the LF31 1 0°C^T A ^ +70°C. The offset voltage, offset current and bias 
current specifications apply for any supply voltage from a single 5.0V supply up to ±15V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with al.OmA load. Thus, 
these parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 

Note 5: The response time specified (see definitions) is for a 1 00 mV input step with 5.0 mV overdrive. 

Note 6: For input voltages greater than 15V above the negative supply the bias and offset currents will increase — see typical performance curves. 

Note 7: This specification gives the current that must be drawn from the strobe pin to ensure the output is properly disabled. Do not short the strobe pin to ground; 
it should be current driven at 3 to 5 mA. 

Note 8: Refer to RETSF1 1 1 X for LF1 1 1 H military specifications. 












































































Electrical Characteristics (LF3ii)<Note3) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Input Offset Voltage (Note 4) 

T a = 25 0 C, R s ^50k 


2.0 

10 

mV 

Input Offset Current (Note 4) 

T A = 25°C, V C m = 0 (Note 6) 


5.0 

75 

pA 

Input Bias Current 

T a = 25°C, V C m = 0 (Note 6) 


25 

150 

pA 

Voltage Gain 

T a =25°C 


200 


V/mV 

Response Time (Note 5) 

T a = 25°C 


200 


ns 

Saturation Voltage 

V|n^ —10 mV, Iout = 50 mA, T A = 25°C 


0.75 

1.5 

V 

Strobe On Current 

T a =25°C 


3.0 


mA 

Output Leakage Current 

V, N ^ 1 0mV, Vqut = 35 V, T A = 25°C 


0.2 

10 

nA 

Input Offset Voltage (Note 4) 

R s ^50k 



15 

mV 

Input Offset Current (Note 4) 

V S =±15V, V CM = 0 (Note 6) 


1.0 


nA 

Input Bias Current 

V s = 15V, V CM = 0 (Note 6) 


3.0 


nA 

Input Voltage Range 



+ 14 

-13.5 


V 

V 

Saturation Voltage 

V+;>4.5V,V- = 0 

V|jsj^ — 10 mV, Iout^3*3 


0.23 

0.4 

V 

Positive Supply Current 

?A ~ 25°C 


5.1 

7.5 

mA 

Negative Supply Current 

T a =25°C 


4.1 

5.0 

mA 


Note 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is equal to the 
negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temperature of the LF111 is + 150°C, the LF211 is +110°C and the LF311 is +85°C. For operating at elevated temperatures, 
devices in the H08 package must be derated based on a thermal resistance of + 165°C/W, junction to ambient, or +20°C/W, junction to case. 

Note 3: These specifications apply for Vs= ±15V and -55 °C^Ta^ + 125°C for the LF111, unless otherwise stated. With the LF211, however, all temperature 
specifications are limited to -25°C^T A ^ +85°C and for the LF31 1 0°C^T A ^ +70°C. The offset voltage, offset current and bias current specifications apply for 
any supply voltage from a single 5.0 mV supply up to ± 15V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with al.OmA load. Thus, 
these parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 

Note 5: The response time specified (see definitions) is for a 100 mV input step with 5.0 mV overdrive. 

Note 6: For input voltages greater than 15V above the negative supply the bias and offset currents will increase — see typical performance curves. 

Note 7: This specification gives the current that must be drawn from the strobe pin to ensure the output is properly disabled. Do not short the strobe pin to ground; 
it should be current driven at 3 to 5 mA. 


Auxiliary Circuits 

Increasing Input 

Offset Balancing Strobing Stage Current* 



3 0k 




‘Increases typical common 
mode slew from 7.0V/ jms to 
18V//DC.S 


u 
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INPUT VOLTAGE (mV) OUTPUT VOLTAGE (V) INPUT BIAS CURRENT (pA) 
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Typical Applications 


100 kHz Free Running Multivibrator 


Crystal Oscillator 



TL/H/5703-3 


10 Hz to 10 kHz Voltage Controlled Oscillator 



TL/H/5703-5 
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Typical Applications (Continued) 


Switching Power Amplifier 



TL/H/5703-16 


Switching Power Amplifier 


v* 



TL/H/5703-17 
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LF1 1 1/LF21 1/LF31 I 


Typical Applications (Continued) 


Relay Driver 


INPUTS 




and protects 1C from severe voltage 
transients on V + + line. 


Note: Do Not Ground Strobe Pin. 


Positive Peak Detector 





Negative Peak Detector 
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Typical Applications (Continued) 


TTL Interface with High Level Logic 



Using Clamp Diodes to Improve Response 



TL/H/5703-6 
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National Semiconductor 


LH2111/LH2311 

Dual Voltage Comparators 

General Description 

The LH21 1 1 series of dual voltage comparators are two 
LM1 1 1 type comparators in a single hermetic package. Fea- 
turing all the same performance characteristics of the sin- 
gle, these duals offer in addition closer thermal tracking, 
lower weight, reduced insertion cost and smaller size than 
two singles. For additional information see the LM111 data 
sheet and National’s Linear Application Handbook. 

The LH2111 is specified for operation over the -55°C to 
+ 125°C military temperature range. The LH2311 is speci- 
fied for operation over the 0°C to 70°C temperature range. 


Features 

■ Wide operating supply range ± 1 5V to a 

single +5V 

■ Low input currents 6 nA 

■ High sensitivity 10 juV 

■ Wide differential input range ±30V 

■ High output drive 50 mA, 50V 


Connection Diagram 


V + 



OUTPUT 

GND (EMITTER) 


OUTPUT 

10 GND (EMITTER) 


Order Number LH2111D, LH211 ID/883 or LH2311D 
See NS Package Number D16C 


TL/K/10116-1 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Total Supply Voltage (V+ - V~) 36V 

Output to Negative Supply Voltage (Vout ~ V~) 50V 

Ground to Negative Supply Voltage (GND - V~) 30V 

Differential Input Voltage ± 30V 


Input Voltage (Note 1) 

Power Dissipation (Note 2) 

Output Short Circuit Duration 
Operating Temperature Range LH21 1 1 
LH2311 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 


± 15V 
500 mW 
10 sec 
-55°Cto +125°C 
0°C to +70°C 
— 65°C to + 1 50°C 
300°C 


Electrical Characteristics Each side (Note 3) 


Parameter 

Conditions 

Limits 

Units 

LH2111 

LH2311 

Input Offset Voltage (Note 4) 

T a = 25°C, R s ^ 50k 

3.0 

7.5 

mV Max 

Input Offset Current (Note 4) 

T a = 25°C 

10 

50 

nA Max 

Input Bias Current 

T a = 25°C 

100 

250 

nA Max 

Voltage Gain 

T a = 25°C 

200 

200 

V/mVTyp 

Response Time (Note 5) 

Ta = 25°C 

200 

200 

nsTyp 

Saturation Voltage 

Vin ^ -5 mV, Iqut = 50 mA 

T a = 25°C 

1.5 

1.5 

V Max 

Strobe On Current 

T a = 25°C 

3.0 

3.0 

mATyp 

Output Leakage Current 

V| N ^ 5 mV, Vqut = 35V 

T a = 25°C 

10 

50 

nA Max 

Input Offset Voltage (Note 4) 

R s <; 50k 

4.0 

10 

mV Max 



20 

70 

nA Max 



150 

300 

nA Max 



±14 

±14 

VTyp 

Saturation Voltage 

V + :> 4.5V, V- = 0 

Vin ^ —5 mV, Isink ^ 8 mA 

0.4 

0.4 

V Max 

Positive Supply Current 

T a = 25°C 

6.0 

7.5 

mA Max 

Negative Supply Current 

T a = 25° C 

5.0 

5.0 

mA Max 


Note 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is equal to the 
negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temperature is 150°C. For operating at elevated temperatures, devices in the flat package, the derating is based on a thermal 
resistance of 185°C/W when mounted on a y 16 -inch-thick epoxy glass board with 0.03-inch-wide, 2 ounce copper conductor. The thermal resistance of the dual-in- 
line package is 100°C/W, junction to ambient. 

Note 3: These specifications apply for Vs = ± 1 5V and - 55°C ^ T A ^ 1 25 6 C for the LH21 1 1 , and 0°C £ T A ^ 70°C for the LH231 1 , unless otherwise stated. 
The offset voltage, offset current and bias current specifications apply for any supply voltage from a single 5V supply up to ±15V supplies. For the LH2311, 
V| N = ±10 mV. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a 1 mA load. Thus, 
these parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 

Note 5: The response time specified is for a 100 mV input step with 5 mV overdrive. 

Note 6: RETS21 1 1 X for the LH21 1 1 D and LH21 1 1 F military specifications. 
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LH2111/LH2311 









LH21.il/LH231 


Auxiliary Circuits 


Offset Balancing 


14,7 I 3k < 

4, 12 J t 3,6 ^ 


Strobing 


Increasing Input Stage Current* 

1 11 V* 







U>tl4,7 


^15,8 

►— V* 

01 s ! 

ttl JJ*. 

> 


2N2222 J 

“ STROBE 


8,15 



TL/K/10116-4 

^ ■ 

k R 1 

’Increases typical common 

mode slew from 

,10 

> Ik 

7.0 V/jns to 18 V/jms 


TL/K/10116-2 


TL/K/ 101 16-3 



Driving Ground-Referred Load 


i » V* 

FROM 3,11 

"sJl.B 

LADDER ■ ' f - - 

+ ^Sl5,8 

NETWORK 


4,12 

2,10 

D1 i L 02 1 f [“ — 

|5 

T “'”f . 


Using Clamp Diodes to Improve Responses 


15 » 8 TTL 

OUTPUT 


•ANALOG INPUT 


Comparator and Solenoid Driver 



Strobing off Both Input* and Output Stages 

FROM D/A NETWORK 

U>ir^ 


_L_ Cl 1 1 

Q1 “T 0.1 

1 02 TTL 

SAMPLE ^ 2N2222 J STROBE 


*T ypical input current is 50 pA with inputs strobed off 

TTL Interface with High Level Logic 



TO TTL LOGIC 

’Values shown are for a 0V to 
30V logic swing and a 15V 
threshold. 

tMay be added to control 
speed and reduce suscepti- 
bility to noise spikes. 

TL/K/10116-9 




National Semiconductor 


LM106/LM306 Voltage Comparator 


General Description 


The LM106 series are high-speed voltage comparators de- 
signed to accurately detect low-level analog signals and 
drive a digital load. They are equivalent to an LM710, com- 
bined with a two input NAND gate and an output buffer. The 
circuits can drive RTL, DTL or TTL integrated circuits direct- 
ly. Furthermore, their outputs can switch voltages up to 24V 
at currents as high as 1 0 mA. 

The devices have short-circuit protection which limits the 
inrush current when it is used to drive incandescent lamps, 
in addition to preventing damage from accidental shorts to 
the positive supply. The speed is equivalent to that of an 
LM710. However, they are even faster where buffers and 
additional logic circuitry can be eliminated by the increased 
flexibility of the LM106 series. They can also be operated 
from any negative supply voltage between -3V and -12V 
with little effect on performance. 


The LM106 is specified for operation over the -55°C to 
+ 1 25°C military temperature range. The LM306 is specified 
for operation over 0°C to + 70°C temperature range. 

Features 

■ Improved accuracy 

■ Fan-out of 1 0 with DTL or TTL 

■ Added logic or strobe capability 

■ Useful as a relay or lamp driver 

■ Plug-in replacement for the LM710 

■ 40 ns maximum response time 


Schematic and Connection Diagrams 




Top View 

Note: Pin 4 connected to case. 

Order Number LM106H, 
LM106H/8831 or LM306H 
See NS Package Number H08A 


tAvailable per SMD# 8003701 


3-17 


LM106/LM306 



LM106/LM306 


Absolute Maximum Ratings 








If Military/ Aerospace specified devices are required, Power Dissipation (Note 1) 



, 600 mW 

please contact the National 

Semiconductor Sales Output Short Circuit Duration 


10 seconds 

0f , lce/p istr lb utor8 for availability and specifications. 0perating Temperature Range 

TmIN 

t max 


LM106 




— 55°Cto +125°C 

Positive Supply Voltage 

15V LM306 





0°C to + 70°C 

Negative Supply Voltage 

1 5V Storage T emperature Range 

— 65°C to + 150°C 

Output Voltage 

24 v Lead T emperature (Soldering, 1 0 sec.) 


300°C 

Output to Negative Supply Voltage 

30V ESD rating to be determined. 




Differential Input Voltage 

±5V 








Input Voltage 

±7V 








Electrical Characteristics (Note 2) 








Parameter 

Conditions 

LM106 

LM306 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Input Offset Voltage 

(Note 3) 


0.5 

2.0 


1.6 

5.0 

mV 

Input Offset Current 

(Note 3) 


0.7 

3.0 


1.8 

5.0 

juA 

Input Bias Current 



10 

20 


16 

25 

juA 

Response Time 

R L = 390H to 5V 

C L = 15 pF, (Note 4) 

■ 

28 


■ 

28 

40 

ns 

Saturation Voltage 

V|jsj <. —5 mV, Iout = 100 mA 

jj j 

1.0 


|| 



V 


Vjisj <i -7 mV, Iout — 100 mA 







V 

Output Leakage Current 

V| N ^ 5 mV, 8V <; Vqut ^ 24V 

■ ■ 

0.02 





juA 


V| N ;> 7 mV, 8V £ Vqut ^ 24V 







juA 

THE FOLLOWING SPECIFICATIONS APPLY FOR T MIN ^ T A ^ T MA x (Note 5) 

Input Offset Voltage 

(Note 3) 






6.5 

mV 

Average Temperature Coefficient of 
Input Offset Voltage 



3.0 


■ 

5 

20 

julV/°C 

Input Offset Current 

T L <: T a <; 25°C, (Note 3) 

II 

1.8 

7.0 


B 


juA 


25°C <; T A £ T H 


0.25 

3.0 




jtxA 

Average Temperature Coefficient of 

25‘C ST A ST H 




■ ■ 

■ 

50 

nA/°C 

Input Offset Current 

T l ^ Ta ^ 25°c 





B 

100 

nA/°C 

Input Bias Current 

T L ^ T A ^ 25°C 





25 


juA 


25°C ST A ST H 







juiA 

Input Voltage Range 

-7V^ V- ^ -12V 

±5.0 



±5.0 



V 

Differential Input Voltage Range 


±5.0 



±5.0 



V 

Saturation Voltage 

V|n <, — 5 mV, Iout = 50 mA 
V| N ^ —8 mV For LM306 


■ 

1.0 


■ 


V 

Saturation Voltage 

V(n <. —5 mV, Iqut = 10 mA 
V| N £ —8 mV For LM306 


■ 

0.4 


■ 


V 

Positive Output Level 

V|n ^ 5 mV, Iout == ~ 400 jaA 
V| N ^ 8 mV For LM306 

2.5 

■ 

5.5 

2.5 

■ 


V 

Output Leakage Current 

V|n ^ 5 mV, 8V ^ Vqut ^ 24V 
V| N ^ 8 mV For LM306 

T L ^ T A ^ 25°C 


1 


■ 

| 

2.0 

jutA 


25°C <T A ST H 






100 

juA 

Strobe Current 

VSTROBE = 0.4V 



-3.2 


-1.7 

-3.2 

mA 



3-18 


































Electrical Characteristics (Note 2 ) (Continued) 


Parameter 

Conditions 

LM106 

LM306 

Units 



Max 

Min 

Typ 


Strobe “ON” Voltage 


0.9 

1.4 


0.9 

1.4 


V 

Strobe “OFF” Voltage 

•sink ^ 16 mA 


1.4 

2.2 


1.4 

2.2 

V 

Positive Supply Current 

V| N = -5 mV 

V| N = —8 mV for LM306 

■B 

5.5 



5.5 

10 

mA 

Negative Supply Current 



-1.5 

Bill 


-1.5 

-3.6 

mA 


Note 1: The maximum junction temperature of LM106 is 150°C, LM306 is 85°C. For operating at elevated temperatures, devices must be derated based on a 
thermal resistance of 170°C/W, junction to ambient, or 23"C/W, junction to case. 

Note 2: These specifications apply for -3V ^ V~ ^ -12V, V+ == 12V and Ta = 25°C unless otherwise specified. All currents into device pins are considered 
positive. 

Note 3: The offset voltages and offset currents given are the maximum values required to drive the output down to 0.5V or up to 4.4V (0.5V or up to 4.8V for the 
LM306). Thus, these parameters actually define an error band and take into account the worst-case effects of voltage gain, specified supply voltage variations, and 
common mode voltage variations. 

Note 4: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 

Note 5: All currents into device pins are considered positive. 

Note 6: Refer to RETS106X for LM106 military specifications. 

Typical Applications 


Level Detector and Lamp Driver 

V* V m <2«V 



Fast Response Peak Detector 



TL/H/7756-5 




Relay Driver 



Adjustable Threshold Line Receiver 



3 
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LM106/LM306 


Typical Performance Characteristics 


Transfer Function 


T ransconductance 


Voltage Gain 



-03 -4U -41 0 *0.1 +02 +0.3 +0.4 +0.8 

INPUT VOLTAGE (mV) 




r 



1 



J 

T* = 

125° 

j 



J 

T a - 

=d 

25°C 

H 

a 














V* 

* +12V _ 


-3 

V£V-£- 

12V 




55°C 




+3 +2 +1 0 -1 -2 -3 -4 -S 

INPUT VOLTAGE (mV) 




-75 -50 -28 0 +25 +50 +75 +100 '+125 

TEMPERATURE (°C) 


Saturation Voltage 


Positive Output Level 


Short Circuit Output Current 


_ V « +12V J 

-3V > V” > -12 V 
' V, N « -5 mV 


Input Current 



J 




L“0 




i 

l * -400/ii 















-75 -50 -25 0 +25 +50 +75 +100 +125 

TEMPERATURE (°C) 


— 

_v + 

V" 

=+i 
= -6 

2V_ 

V 




""" 

' 1 




+ 




T 



a 


— 


-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


| V’ - +12V 

2 -3V > V” >-12V 

Vin * +5 mV 

L_j i — 

-75 -50 -25 0 +25 +50 +75 +100 +125 

TEMPERATURE (°C) 

Response Time for 
Various Input Overdrives 


iiiiiiiiiini 

piril 


20 40 60 80 100 120 

TIME (ns) 



-75 -50 -25 0 + 25 + 50 +75 +100+125+150 
JUNCTION TEMPERATURE (°C) 

Response Time for 
Various Input Overdrives 


I//HM 
■V/y'JlllS 
KKV/MUm 




0 20 40 60 BO 100 120 

TIME (m) 


Positive Supply Cprrent 


Negative Supply Current 


Power Consumption 



+10 +12 
POSITIVE SUPPLY VOLTAGE (V) 


li 85 £ 22 ii) 9 E 9 


-3 -6 -I -12 -15 

NEGATIVE SUPPLY VOLTAGE (V) 


rm 



V 

N = -5 mV 



' 


5sm 






1 1 

— V| W -+5reV 

— 

— 


















-75 -50 -25 0 +25 +60 +75 +100+125 

TEMPERATURE fC) 
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National Semiconductor 


LM1 1 1/LM21 1/LM31 1 Voltage Comparator 

General Description 


The LM111, LM211 and LM311 are voltage comparators 
that have input currents nearly a thousand times lower than 
devices like the LM106 or LM710. They are also designed 
to operate over a wider range of supply voltages: from stan- 
dard ± 1 5V op amp supplies down to the single 5V supply 
used for 1C logic. Their output is compatible with RTL, DTL 
and TTL as well as MOS circuits. Further, they can drive 
lamps or relays, switching voltages up to 50V at currents as 
high as 50 mA. 

Both the inputs and the outputs of the LM1 1 1 , LM21 1 or the 
LM31 1 can be isolated from system ground, and the output 
can drive loads referred to ground, the positive supply or the 
negative supply. Offset balancing and strobe capability are 
provided and outputs can be wire OR’ed. Although slower 
than the LM106 and LM710 (200 ns response time vs 


40 ns) the devices are also much less prone to spurious 
oscillations. The LM111 has the same pin configuration as 
the LM106 and LM710. 

The LM211 is identical to the LM111, except that its per- 
formance is specified over a -25°C to +85°C temperature 
range instead of -55°C to + 125°C. The LM31 1 has a tem- 
perature range of 0°C to + 70°C. 

Features 

■ Operates from single 5V supply 

■ Input current: 150 nA max. over temperature 

■ Offset current: 20 nA max. over temperature 

■ Differential input voltage range: ±30V 

■ Power consumption: 1 35 mW at ± 1 5V 


Typical Applications*’ 1 ’ 

Offset Balancing 

3.0k 



Strobing 



STROBE 

Note: Do Not 
Ground Strobe 
Pin. Output is 
turned off when 
current is pulled 
from Strobe Pin. 


**Note: Pin connections shown on schematic di- 
agram and typical applications are for 
H08 metal can package. 


Increasing Input Stage Current* 



mode slew from 7.0V/ju,s 
to 18V//xs. 


Detector for Magnetic Transducer 



Relay Driver with Strobe 




FROM D/A NETWORK 



TL/H/5704-1 
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LM1 1 1/LM21 1/LM31 1 


Absolute Maximum Ratings fortheLMin/LM 2 ii 


If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 7) 

T otal Supply Voltage (Vg4) 36V 

Output to Negative Supply Voltage (V74) 50V 

Ground to Negative Supply Voltage (V 1 4) 30V 

Differential Input Voltage ± 30V 

Input Voltage (Note 1) ±15V 

Output Short Circuit Duration 1 0 sec 

Operating Temperature Range LM1 1 1 - 55°C to 1 25°C 

LM211 — 25°C to 85°C 


Lead Temperature (Soldering, 10 sec) 260°C 

Voltage at Strobe Pin V + - 5V 

Soldering Information 
Dual-ln-Line Package 

Soldering (10 seconds) .260°C 

Small Outline Package 

Vapor Phase (60 seconds) 21 5°C 

Infrared (1 5 seconds) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

ESD Rating (Note 8) 300V 


Electrical Characteristics fortheLMin andLM 2 ii (Note 3 ) 


Parameter 


Conditions 


Min 


Typ 


Max 


Units 


Input Offset Voltage (Note 4) 


T a = 25°C, R s <:50k 


0.7 


3.0 


mV 


Input Offset Current 


T A =25°C 


4.0 


10 


nA 


Input Bias Current 


T A =25°C 


60 


100 


nA 


Voltage Gain 


T A =25°C 


40 


200 


V/mV 


Response Time (Note 5) 


T a = 25°C 


200 


Saturation Voltage 


V|n^ — 5 mV, Iout^ 50 mA 
T a =25°C 


0.75 


1.5 


Strobe ON Current (Note 6) 

Ta=25°C 


2.0 

5.0 

mA 

Output Leakage Current 

V|n^ 5 mV, V 0 UT=35V 

T A = 25°C, lsTROBE = 3 m A 


0.2 

10 

nA 

Input Offset Voltage (Note 4) 

R s ^50k 



4.0 

mV 

Input Offset Current (Note 4) 




20 

nA 

Input Bias Current 




150 

nA 

Input Voltage Range 

V+ = 15V,V 15V, Pin 7 

Pull-Up May Go To 5V 

-14.5 

13.8,-14.7 

13.0 

V 

Saturation Voltage 

V+ii4.5V, V-=0 

V|m ^ — 6 mV, loUT ^ 8 mA 


0.23 

0.4 

V 

Output Leakage Current 

V| N ^5 mV, Vqut=35V 


0.1 

0.5 

ju.A 

Positive Supply Current 

T a =25°C 


5.1 

6.0 

mA 

Negative Supply Current 

T a =25°C 


4.1 

5.0 

mA 


Note 1: This rating applies for ±15 supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is equal to the 
negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temperature of the LM1 1 1 is 1 50°C, while that of the LM21 1 is 1 10°C. For Operating at elevated temperatures, devices in the H08 
package must be derated based on a thermal resistance of 1 65°C/W, junction to ambient, or 20°C/W, junction to case. The thermal resistance of the dual-in-line 
package is 1 1 0°C/W, junction to ambient. 

Note 3: These specifications apply for Vs= ±15V and Ground pin at ground, and -55 °C^Ta^ + 125°C, unless otherwise stated. With the LM211, however, all 
temperature specifications are limited to -25°C^T A ^ + 85°C. The offset voltage, offset current and bias current specifications apply for any supply voltage from a 
single 5V supply up to ±15V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the Output within a volt of either supply with a 1 mA load. Thus, 
these parameters define an error band and take into account the worst-case effects of voltage gain and Rs- 
Note 5: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 

Note 6: This specification gives the range of current which must be drawn from the strobe pin to ensure the output is properly disabled. Do not short the strobe pin 
to ground; it should be current driven at 3 to 5 mA. 

Note 7: Refer to RETS1 1 1X for the LM1 1 1 H, LM1 1 1 J and LM1 1 1 J-8 military specifications. 

Note 8: Human body model, 1.5 kft in series with 100 pF. 
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Absolute Maximum Ratings fortheLM 3 ii 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Total Supply Voltage (Vs 4 ) 36V 

Output to Negative Supply Voltage V 74 ) 40 V 

Ground to Negative Supply Voltage V 14 ) 30V 

Differential Input Voltage ± 30V 

Input Voltage (Note 1 ) ± 1 5V 

Power Dissipation (Note 2) 500 mW 

ESD Rating (Note 7) 300V 


Output Short Circuit Duration 1 0 sec 

Operating T emperature Range 0° to 70°C 

Storage T emperature Range - 65°C to 1 50°C 

Lead T emperature (soldering, 1 0 sec) 260°C 

Voltage at Strobe Pin V + - 5V 

Soldering Information 
Dual-ln-Line Package 

Soldering (10 seconds) 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 215°C 

Infrared (15 seconds) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


Electrical Characteristics for the lm 3 h (Note 3 ) 

Parameter Conditions 


Input Offset Voltage (Note 4) 


Input Offset Current (Note 4) 


Input Bias Current 


Voltage Gain 


Response Time (Note 5) 


Saturation Voltage 


T a = 25°C, R s ^50k 


T a =25°C 


T a =25°C 


Ta=25”C 


T a =25“C 


V|(sj ^ — 10 mV, Iout = 50 mA 
T a =25°C 


T a =25°C 


V| N ^10 mV, Vout=35V 
T A = 25°C, IsTROBE = 3 mA 
V- = Pin 1 = — 5V 


R S £50K 




V+^4.5V,V~=0 
V|n^ — 10 mV, Iout^S mA 


T a =25°C 


T a =25°C 



5.0 

mA 

50 

nA 

10 

mV 

70 

nA 

300 

nA 


Strobe ON Current (Note 6 ) 


Output Leakage Current 


Input Offset Voltage (Note 4) 


Input Offset Current (Note 4) 


Input Bias Current 


Input Voltage Range 


Saturation Voltage 


Positive Supply Current 


Negative Supply Current 


Note 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is equal to the 
negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temperature of the LM31 1 is 1 1 0°C. For operating at elevated temperature, devices in the H08 package must be derated based on a 
thermal resistance of 165°C/W, junction to ambient, or 20°C/W, junction to case. The thermal resistance of the dual-in-line package is 100“C/W, junction to 
ambient. 

Note 3: These specifications apply for V§= ± 15V and Pin 1 at ground, and 0°C < T A < + 70°C, unless otherwise specified. The offset voltage, offset current and 
bias current specifications apply for any supply voltage from a single 5V supply up to ± 15V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with 1 mA load. Thus, these 
parameters define an error band and take into account the worst-case effects of voltage gain and Rs- 
Note 5: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 

Note 6: This specification gives the range of current which must be drawn from the strobe pin to ensure the output is properly disabled. Do not short the strobe pin 
to ground; it should be current driven at 3 to 5 mA. 

Note 7: Human body model, 1.5 kft in series with 100 pF. 
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LM111/LM211 Typical Performance Characteristics (Continued) 


Supply Current 

1 — 

T a - 25°C 

1 _| 

POSITIVE SUPPLY 
OUTPUT 


Supply Current 


Leakage Currents 


POSITIVE AND | 

NEGATIVE SUPPLV- 
_ OUTPUT HIGH _L_ 


• § 10 IS 2* 25 30 

SUPPLY VOLTAGE (V) 





V, « ±15V 









>5 



POSITIVE SUPPLY- 




^OUTPUT LOW 






POSITIVE AND 
-NEGATIVE SUPPLY- 
.OUTPUT HIGH I 


-M -35 -15 5 25 45 15 IS 105 125 
TEMPERATURE (°C) 



LM311 Typical Performance Characteristics 

Input Bias Current Input Offset Current 

"nmca "ffiOTS l 


400 — i p ) ^ 
I RAISED 
(SHORT PINS 
300 5. 6, AND 8) 


— 

-v. 

— 

= ±i 

— 

5V- 
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p NORMAL ] 


r 



** 

t 

_ 

_ 



25 45 IS 15 IDS 125 

TEMPERATURE (°C> 

TL/H/5704-3 


Offset Error 

1 T* ' sV’c'fc^S 


0 II 21 30 40 50 60 70 80 
TEMPERATURE (°C) 


1 T RAISED"" 

l(SH0RT PINS._ 

T 5, 6, ANO 8) 
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Common Mode Limits 

1 1111111= 
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Transfer Function 


-16 -12 -1 -4 0 4 I 12 16 
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— 
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Input Overdrives s 



— 

n= 
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J 
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5 
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Response Time for Various 
Input Overdrives 
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Output Saturation Voltage 
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LM1 1 1/LM21 1/LM31 1 


LM311 Typical Performance Characteristics (Continued) 
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Application Hints 

CIRCUIT TECHNIQUES FOR AVOIDING 
OSCILLATIONS IN COMPARATOR APPLICATIONS 

When a high-speed comparator such as the LM1 1 1 is used 
with fast input signals and low source impedances, the out- 
put response will normally be fast and stable, assuming that 
the power supplies have been bypassed (with 0.1 /xF disc 
capacitors), and that the output signal is routed well away 
from the inputs (pins 2 and 3) and also away from pins 5 and 
6. 

However, when the input signal is a voltage ramp or a slow 
sine wave, or if the signal source impedance is high (1 kfl to 
1 00 kfl), the comparator may burst into oscillation near the 
crossing-point. This is due to the high gain and wide band- 
width of comparators like the LM1 1 1 . To avoid oscillation or 
instability in such a usage, several precautions are recom- 
mended, as shown in Figure 1 below. 

1 . The trim pins (pins 5 and 6) act as unwanted auxiliary 
inputs. If these pins are not connected to a trim-pot, they 
should be shorted together. If they are connected to a 
trim-pot, a 0.01 ju,F capacitor Cl between pins 5 and 6 will 
minimize the susceptibility to AC coupling. A smaller ca- 
pacitor is used if pin 5 is used for positive feedback as in 
Figure 1. 

2. Certain sources will produce a cleaner comparator output 
waveform if a 100 pF to 1000 pF capacitor C2 is connect- 
ed directly across the input pins. 

3. When the signal source is applied through a resistive net- 
work, Rs, it is usually advantageous to choose an Rs' of 
substantially the same value, both for DC and for dynamic 
(AC) considerations. Carbon, tin-oxide, and metal-film re- 
sistors have all been used successfully in comparator in- 
put circuitry. Inductive wirewound resistors are not suit- 
able. 


4. When comparator circuits use input resistors (eg. sum- 
ming resistors), their value and placement are particularly 
important. In all cases the body of the resistor should be 
close to the device or socket. In other words there should 
be very little lead length or printed-circuit foil run between 
comparator and resistor to radiate or pick up signals. The 
same applies to capacitors, pots, etc. For example, if 
Rs=10 kft, as little as 5 inches of lead between the re- 
sistors and the input pins can result in oscillations that are 
very hard to damp. Twisting these input leads tightly is 
the only (second best) alternative to placing resistors 
close to the comparator. 

5. Since feedback to almost any pin of a comparator can 
result in oscillation, the printed-circuit layout should be 
engineered thoughtfully. Preferably there should be a 
groundplane under the LM1 1 1 circuitry, for example, one 
side of a double-layer circuit card. Ground foil (or, positive 
supply or negative supply foil) should extend between the 
output and the inputs, to act as a guard. The foil connec- 
tions for the inputs should be as small and compact as 
possible, and should be essentially surrounded by ground 
foil on all sides, to guard against capacitive coupling from 
any high-level signals (such as the output). If pins 5 and 6 
are not used, they should be shorted together. If they are 
connected to a trim-pot, the trim-pot should be located, at 
most, a few inches away from the LM111, and the 0.01 
jxF capacitor should be installed. If this capacitor cannot 
be used, a shielding printed-circuit foil may be advisable 
between pins 6 and 7. The power supply bypass capaci- 
tors should be located within a couple inches of the 
LM1 1 1 . (Some other comparators require the power-sup- 
ply bypass to be located immediately adjacent to the 
comparator.) 



TL/H/5704-29 

Pin connections shown are for LM1 1 1 H in the H08 hermetic package 

FIGURE 1. Improved Positive Feedback 
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Application Hints (Continued) 

6. It is a standard procedure to use hysteresis (positive 
feedback) around a comparator, to prevent oscillation, 
and to avoid excessive noise on the output because the 
Comparator is a good amplifier for its own noise. In the 
circuit of Figure 2 , the feedback from the output to the 
positive input will cause about 3 mV of hysteresis. How- 
ever, if Rs is larger than 100ft, such as 50 kft, it would 
not be reasonable to simply increase the value of the 
positive feedback resistor above 510 kft. the circuit of 
Figure 3 could be used, but it is rather awkward. See the 
notes in paragraph 7 below. 

7. When both inputs of the LM111 are connected to active 
signals, or if a high-impedance signal is driving the posi- 
tive input of the LM111 so that positive feedback would 
be disruptive, the circuit of Figure 1 is ideal. The positive 


feedback is to pin 5 (one of the offset adjustment pins). It 
is sufficient to cause 1 to 2 mV hysteresis and sharp 
transitions with input triangle waves from a few Hz to 
hundreds of kHz. The positive-feedback signal across 
the 82ft resistor swings 240 mV below the positive sup- 
ply. This signal is centered around the nominal voltage at 
pin 5, so this feedback does not add to the Vqs of the 
comparator. As much as 8 mV of Vos can be trimmed 
out, using the 5 kft pot and 3 kft resistor as shown. 

8. These application notes apply specifically to the LM111, 
LM211, LM311, and LF111 families of comparators, and 
are applicable to all high-speed comparators in general, 
(with the exception that not all comparators have trim 
pins). 



TL/H/5704-30 


Pin connections shown are for LM1 1 1 H in the H08 hermetic package 

FIGURE 2. Conventional Positive Feedback 



TL/H/5704-31 

FIGURE 3. Positive Feedback with High Source Resistance 
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Typical Applications (Continued) (Pin numbers refer to H08 package) 

TTL Interface with High Level Logic 

I 1— *— V*5V 


•Values shown are for 
a 0 to 30V logic swing 
and a 15V threshold. 
tMay be added to control 
speed and reduce 
susceptibility to noise spikes. 


Crystal Oscillator 

V* = 5V 
R1 R4 

100K 2K 

>-AAAr-i 

100 

KHz C2 


Comparator and Solenoid Driver 

01 

1N4001 

v— H4-i t-?. UTPUT 


4^7 rH 


100K> Cl 

Ptf 


■— OUTPUT 
:r3 
• 50K 


Precision Squarer 

V + = 5.0V 


Low Voltage Adjustable Reference Supply 



R1 V + = 5.0V R4 
3.9k | 500 



•Solid tantalum 
tAdjust to set clamp level 
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Typical Applications (Continued) (Pin numbers refer to H08 package) 


Switching Power Amplifier 



TL/H/5704-27 


Switching Power Amplifier 
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Schematic Diagram** 



Connection Diagrams* 


Metal Can Package 

v + 



Note: Pin 4 connected to case 


Order Number LM111H, 

LM1 1 1H/883*, LM211H or LM31 1H 
See NS Package Number H08C 


*Also available per JM3851 0/1 0304 


Dual-In-Line Package 



TL/H/5704-34 


Top View 


DuaMn-Line Package 



L.I BALANCE/ 
1 STROBE 


TL/H/5704-35 


Top View 


Order Number LM1 1 1 J-8, LM11 1 J- 
8/883% LM211J-8, LM211M, 
LM311M or LM311N 
See NS Package Number J08A, 
M08A or N08E 


Order Number LM1 1 1 J/883* or 
LM31 IN-14 

See NS Package Number 
J14Aor N14A 
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Connection Diagrams (Continued) 



Order Number LM1 11 E/883 
See NS Package Number E20A 



TL/H/5704-33 


Order Number LM111W/883* 
See NS Package Number W10A 

•Also available per JM3851 0/1 0304 




( 9 


National Semiconductor 


LM119/LM219/LM319 
High Speed Dual Comparator 

General Description 

The LM119 series are precision high speed dual compara- 
tors fabricated on a single monolithic chip. They are de- 
signed to operate over a wide range of supply voltages 
down to a single 5V logic supply and ground. Further, they 
have higher gain and lower input currents than devices like 
the LM710. The uncommitted collector of the output stage 
makes the LM119 compatible with RTL, DTL and TTL as 
well as capable of driving lamps and relays at currents up to 
25 mA. 

The LM319A offers improved precision over the standard 
LM319, with tighter tolerances on offset voltage, offset cur- 
rent, and voltage gain. 

Features 

■ Two independent comparators 

■ Operates from a single 5V supply 


■ Typically 80 ns response time at ±15V 

■ Minimum fan-out of 2 each side 

■ Maximum input current of 1 jllA over temperature 

■ Inputs and outputs can be isolated from system ground 

■ High common mode slew rate 

Although designed primarily for applications requiring opera- 
tion from digital logic supplies, the LM119 series are fully 
specified for power supplies up to ±1 5V. It features faster 
response than the LM111 at the expense of higher power 
dissipation. However, the high speed, wide operating volt- 
age range and low package count make the LM119 much 
more versatile than older devices like the LM711. 

The LM1 19 is specified from -55°C to + 125°C, the LM219 
is specified from -25°C to +85°C, and the LM319A and 
LM319 are specified from 0°C to +70°C. 


Connection Diagrams 


Dual-In-Line-Package 



Metal Can Package 



OUTPUT 1C 
GND1C 
INPUT 1 + C 
INPUT 1-C 

v-C 


LM119W 


□ v+ 

U INPUT 2- 

□ INPUT 2+ 

□ GND2 

□ OUTPUT 2 

TL/H/5705-9 


Order Number LM119W/883 
See NS Package Number W10A 


Top View 

Order Number LM119H, LM119H/883*, or LM319H 
See NS Package Number H10C 

♦Also available per SMD# 8601401 or JM38510/10306 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 7) 

Total Supply Voltage 36V 

Output to Negative Supply Voltage 36V 

Ground to Negative Supply Voltage 25V 

Ground to Positive Supply Voltage 18V 

Differential Input Voltage ± 5V 

Input Voltage (Note 1) ±15V 

ESD rating (1 .5 kft in series with 1 00 pF) 800V 

Power Dissipation (Note 2) 500 mW 

Output Short Circuit Duration 1 0 sec 

Electrical Characteristics (Note 3) 


Parameter 

Conditions 

Input Offset Voltage (Note 4) 

T a = 25°C, R S <i 5k 

Input Offset Current (Note 4) 

T a = 25° C 

Input Bias Current 

T a = 25°C 

Voltage Gain 

T A = 25°C (Note 6) 

Response Time (Note 5) 

T a = 25°C,V s = ±15V 

Saturation Voltage 

V|n ^ — 5 mV, Iout = 25 mA 

T a = 25°C 

Output Leakage Current 

V !N :> 5 mV, V 0 UT = 35V 

T A = 25°C 

Input Offset Voltage (Note 4) 

R s ^5k 


Storage T emperature Range - 65°C to 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 260°C 

Soldering Information 
Dual-ln-Line Package 

Soldering (10 seconds) 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 21 5°C 

Infrared (15 seconds) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

Operating Temperature Range 

LM119 — 55°Cto 125°C 

LM219 — 25°Cto 85°C 


LM119/LM219 














Input Offset Current (Note 4) 


Input Bias Current 



Input Voltage Range 

Vs = ±15V 

V+ = 5V, V- = 0 

Saturation Voltage 

V+ ;> 4.5V, V- = 0 

V|n ^ — 6 mV, IsiNK ^ 3.2 mA 

t a ^o°c 

t a ^o°c 

Output Leakage Current 

V| N ;> 5 mV, Vqut = 35V, 

V- = Vqnd = 0V 

Differential Input Voltage 


Positive Supply Current 

T a = 25°C,V+ = 5V,V- = 0 

Positive Supply Current 

T a = 25°C,V S = ±15V 

Negative Supply Current 

T A = 25°C,V S = ±15V 



Note 1: For supply voltages less than ±15V the absolute maximum input voltage is equal to the supply voltage. 

Note 2: The maximum junction temperature of the LM1 1 9 is 1 50°C, while that of the LM21 9 is 1 1 0°C. For operating at elevated temperatures, devices in the HI 0 
package must be derated based on a thermal resistance of 160°C/W, junction to ambient, or 19°C/W, junction to case. The thermal resistance of the J14 and N14 
packages is 100°C/W, junction to ambient. 

Note 3: These specifications apply for Vs - ±15V, and the Ground pin at ground, and -55°C ^ Ta ^ +125°C, unless otherwise stated. With the LM219, 
however, all temperature specifications are limited to - 25°C £ Ta ^ + 85°C. The offset voltage, offset current and bias current specifications apply for any supply 
voltage from a single 5V supply up to ±15V supplies. Do not operate the device with more than 16V from ground to Vs- 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a 1 mA load. Thus, 
these parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 

Note 5: The response time specified (see definitions) is for a 1 00 mV input step with 5 mV overdrive. 

Note 6: Output is pulled up to 15V through a 1.4 kn resistor. 

Note 7: Refer to RETS1 1 9X for LM1 1 9H/883 and LM1 1 9J/883 specifications. 
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Absolute Maximum Ratings LM 319 A /319 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Total Supply Voltage 36V 

Output to Negative Supply Voltage 36V 

Ground to Negative Supply Voltage 25V 

Ground to Positive Supply Voltage 1 8V 

Differential Input Voltage ± 5V 

Input Voltage (Note 1 ) ± 1 5V 

Power Dissipation (Note 2) 500 mW 

Output Short Circuit Duration 1 0 sec 

ESD rating (1 .5 kft in series with 1 00 pF) 800V 


Storage T emperature Range - 65°C to 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 260°C 

Soldering Information 
Dual-ln-Line Package 

Soldering (1 0 sec.) 260°C 

Small Outline Package 

Vapor Phase (60 sec.) 21 5°C 

Infrared (15 sec.) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability" for other methods of soldering sur- 
face mount devices. 

Operating Temperature Range 

LM319A, LM319 0°Cto70”C 


Electrical Characteristics (Note 3 ) 


Parameter 

Conditions 

LM319A 

LM319 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage (Note 4) 

T a = 25°C, R s ^ 5k 


0.5 

1.0 


2.0 

8.0 

mV 

Input Offset Current (Note 4) 

T a = 25°C 


20 

40 


80 

200 

nA 

Input Bias Current 

T a = 25°C 


150 

500 


250 

1000 

nA 

Voltage Gain 

T a = 25°C (Note 6) 

20 

40 


8 

40 


V/mV 

Response Time (Note 5) 

T a = 25°C, V s = ±15V 


80 



80 


ns 

Saturation Voltage 

Vin ^ —10 mV, Iqut = 25 mA 

T a = 25°C 


0.75 

1.5 


0.75 

1.5 

V 

Output Leakage Current 

V|N > 10 mV, V 0 UT = 35V, 

V- = V GND = 0V, T A = 25°C 


0.2 

10 


0.2 

10 

jutA 

Input Offset Voltage (Note 4) 

R s <:5k 



10 



10 

mV 

Input Offset Current (Note 4) 




300 



300 

nA 

Input Bias Current 




1000 



1200 

nA 

Input Voltage Range 

V s = ±15V 

V+ = 5V, V- = 0 

1 

±13 

3 

1 

±13 

3 

V 

V 

Saturation Voltage 

V+ S 4.5V, V- = 0 

Vin ^ - 10 mV, Isink ^ 3.2 mA 


0.3 

0.4 


0.3 

0.4 

V 

Differential Input Voltage 




±5 



±5 

V 

Positive Supply Current 

T a = 25°C,V+ = 5V,V- = 0 


4.3 



4.3 


mA 

Positive Supply Current 

T a = 25°C,V S = ±15V 


8 

12.5 


8 

12.5 

mA 

Negative Supply Current 

T a = 25°C, V s = ± 15V 


3 

5 


3 

5 

mA 


Note 1: For supply voltages less than ±15 the absolute maximum input voltage is equal to the supply voltage. 

Note 2: The maximum junction temperature of the LM319A and LM319 is 85°C. For operating at elevated temperatures, devices in the H10 package must be 
derated based on a thermal resistance of 160°C/W, junction to ambient, or 19°C/W, junction to case. The thermal resistance of the N14 and J14 package is 
100°C/W, junction to ambient. The thermal resistance of the Ml 4 package is 115°C/W, junction to ambient. 

Note 3: These specifications apply for Vs = ±15V, and 0 °C £ Ta £ 70°C, unless otherwise stated. The offset voltage, offset current and bias current 
specifications apply for any supply voltage from a single 5V supply up to ± 15V supplies. Do not operate the device with more than 16V from ground to Vs- 
Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a 1 mA load. Thus, 
these parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 

Note 5: The response time specified is for a 1 00 mV input step with 5 mV overdrive. 

Note 6: Output is pulled up to 15V through a 1.4 kft resistor. 



| 
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LM139/LM239/LM339/LM2901/LM3302 


National Semiconductor 


LM 1 39/LM239/LM339/LM290 1 /LM3302 

Low Power Low Offset Voltage Quad Comparators 


General Description 

The LM139 series consists of four independent precision 
voltage comparators with an offset voltage specification as 
low as 2 mV max for all four comparators. These were de- 
signed specifically to operate from a single power supply 
over a wide range of voltages. Operation from split power 
supplies is also possible and the low power supply current 
drain is independent of the magnitude of the power supply 
voltage. These comparators also have a unique characteris- 
tic in that the input common-mode voltage range includes 
ground, even though operated from a single power supply 
voltage. 

Application areas include limit comparators, simple analog 
to digital converters; pulse, squarewave and time delay gen- 
erators; wide range VCO; MOS clock timers; multivibrators 
and high voltage digital logic gates. The LM139 series was 
designed to directly interface with TTL and CMOS. When 
operated from both plus and minus power supplies, they will 
directly interface with MOS logic— where the low power 
drain of the LM339 is a distinct advantage over standard 
comparators. 

Advantages 

■ High precision comparators 

■ Reduced Vqs drift over temperature 


■ Eliminates need for dual supplies 

■ Allows sensing near GND 

■ Compatible with ail forms of logic 

■ Power drain suitable for battery operation 


Features 

■ Wide supply voltage range 
LM139 series, 


2 Vpc to 36 Vqc or 
±1 Vpc to ±18 Vpc 
2 Vpc to 28 Vpc 
or ±1 Vpc to ±14 Vpc 


LM139A series, LM2901 2 V DC to 28 V DC 

LM3302 or ± 1 V DC to ± 14 V DC 

■ Very low supply current drain (0.8 mA) — independent 
of supply voltage 

■ Low input biasing current 25 nA 

■ Low input offset current ± 5 nA 

and offset voltage ±3 mV 

■ Input common-mode voltage range includes GND 

■ Differential input voltage range equal to the power 
supply voltage 

■ Low output saturation voltage 250 mV at 4 mA 

■ Output voltage compatible with TTL, DTL, ECL, MOS 
and CMOS logic systems 


Connection Diagrams 

Dual-ln-Llne Package 

OUTPUT 3 OUTPUT 4 GND INPUT 4* INPUT 4- INPUT 3+ INPUT 3- 



1- INPUT 1* INPUT 2- INPUT 2« 


TOP VIEW TL/H/5706-2 

Order Number LM139J, LM139J/883*, LM139AJ, 
LM139AJ/883**, LM239J, LM239AJ, LM339J, 

See NS Package Number J14A 
Order Number LM339AM, LM339M or LM2901M 
See NS Package Number M14A 
Order Number LM339N, LM339AN, 

LM2901N or LM3302N 
See NS Package Number N14A 


’Available per JM3851 0/1 1201 
’Available per SMD# 5962-8873901 


3 

2 ill 20 

19 

4 

i i 

18 

5 


17 

6 

LM139E 

16 

7 


15 

8 


14 

9 

10 11 12 

13 


TL/H/5706-26 

Order Number LM139AE/883 or LM139E/883 
See NS Package Number E20A 



OUTPUT 3 
OUTPUT 4 
GND 

INPUT 4+ 

INPUT 4- 
INPUT3+ 

INPUT 3- 

TL/H/5706-27 


Order Number LM139AW/883 or LM139W/883* 
See NS Package Number W14B 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, please contact the National Semiconductor Sales Office/Distributors for availability and specifications. (Note 10) 



LM 1 39/LM239/LM339 



LM139/LM239/LM339 



LM 1 39A/LM239A/LM339 A 

LM3302 


LM 1 39A/LM239A/LM339A 

LM3302 


LM2901 



LM2901 


Supply Voltage, V+ 

36 Vdc or ±18 V DC 

28 Vpc or ±14 Vqc 

Operating Temperature Range 


— 40°Cto +8 

Differential Input Voltage (Note 8) 

36 V DC 

28 V DC 

LM339/LM339A 

0°Cto +70°C 


Input Voltage 

—0.3 Vqc to + 36 V DC 

-0.3 Vpc to + 28 Vqc 

LM239/LM239A 

LM2901 

— 25°C to +85°C 
— 40°C to +85°C 


Input Current (V|n< -0.3 Vqc). 



LM139/LM139A 

— 55°C to + 125°C 


(Note 3) 

50 mA 

50 mA 

Soldering Information 



Power Dissipation (Note 1) 



Dual-ln-Line Package 



Molded DIP 

1050 mW 

1050 mW 

Soldering (10 seconds) 

260°C 

260°C 

Cavity DIP 

1190 mW 


Small Outline Package 



Small Outline Package 

760 mW 


Vapor Phase (60 seconds) 

215°C 

215°C 

Output Short-Circuit to GND, 



Infrared (15 seconds) 

220°C 

220°C 

(Note 2) 

Continuous 

Continuous 

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for 

Storage Temperature Range 

— 65°C to + 1 50°C 

— 65°C to + 1 50°C 

other methods of soldering surface mount devices. 


Lead Temperature 



ESD rating (1 .5 kfl in series with 1 00 pF) 

600V 

600V 

(Soldering, 10 seconds) 

260°C 

260°C 





Electrical Characteristics (V+ = 5 Vpc, Ta = 25°C, unless otherwise stated) 


Parameter 

Conditions 

LM139A 

LM239A, LM339A 

LM139 

LM239, LM339 

LM2901 

LM3302 

Units 

MinTyp Max 

Min Typ Max 

MinTyp Max 

Min Typ Max 

MinTyp Max 

MinTyp Max 

Input Offset Voltage 

(Note 9) 

1.0 2.0 

1.0 2.0 

2.0 5.0 

2.0 5.0 

2.0 7.0 

3 20 

mVoc 

Input Bias Current 

l|N(+) or l|N(— ) with Output in 

Linear Range, (Note 5), Vcm^OV 

25 100 

25 250 

25 100 

25 250 

25 250 

25 500 

nAoc 

Input Offset Current 

, IN(+)" I IN(-). V CM = 0V 

3.0 25 

5.0 50 

3.0 25 

5.0 50 

5 50 

3 100 

nAoc 

Input Common-Mode 
Voltage Range 

V + =30 V DC (LM3302, V+ =28 V DC ) 
(Note 6) 

0 V+-1.5 

0 V+-1.5 

0 V+-1.5 

0 V+-1.5 

0 V+-1.5 

0 V+-1.5 

Vdc 

Supply Current 

r l = oo on all Comparators, 
r l =oo,v+=36V, 

(LM3302, V + = 28 V DC ) 

0.8 2.0 

0.8 2.0 

1.0 2.5 

0.8 2.0 

1.0 2.5 

0.8 2.0 

1.0 2.5 

0.8 2.0 

1.0 2.5 

0.8 2.0 

1.0 2.5 

o o 

E E 

Voltage Gain 

R L ^15kft,V+ = 15V DC 

V 0 = 1 Vocto 11 Vdc 

50 200 

50 200 

50 200 

50 200 

25 100 

2 30 

V/mV 

Large Signal 
Response Time 

V|n=TTL Logic Swing, Vref= 
i .4 Vqc. Vrl = 5 Vqc. Rl = 5. i ko, 

300 

300 

300 

300 

300 

300 

ns 

Response Time 

Vrl= 5V dc , Rl=5.1 k ft, 

(Note 7) 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

ps 

Output Sink Current 

Vin(-)=i Vdc. Vin(+)=o, 
v 0 <; 1.5 Vdc 

6.0 16 

6.0 16 

6.0 16 

6.0 16 

6.0 16 

6.0 16 

mADC 


Z 0 € 6 V«'l/t 06 ZNn/ 6 £ 8 W 1 / 6 eZWl/ 6 Ctm 
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Electrical Characteristics (V+ =5 Vqc. T a = 25°C, unless otherwise stated) (Continued) 


Parameter 

Conditions 

LM139A 

LM239A, LM339A 

LM139 

LM239, LM339 

LM2901 

LM3302 

Units 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Saturation Voltage 

Vi^-)^ 1 v D c, Vin(+)=o, 

•sink ^4 mA 

250 400 

250 400 

250 400 

250 400 

250 400 

250 500 

mV dc 

Output Leakage 
Current 

V|N(+) = 1 Vdc.V|N(-) = 0, 
V 0 =5Vdc 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

nA D c 


Electrical Characteristics <v+ = 5.0 v DC> Note 4> 


Parameter 

Conditions 

LM139A 

LM239A, LM339A 

LM139 

LM239, LM339 

LM2901 

LM3302 

Units 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Input Offset Voltage 

(Note 9) 

4.0 

4.0 

9.0 

9.0 

9 15 

40 

mV D c 

Input Offset Current 

l|N(+)“l|N(-). Vcm = 0V 

100 

150 

100 

150 

50 200 

300 

nA D c 

Input Bias Current 

I|N(+) or l|N(_) with Output in 

Linear Range, Vcm = 0V (Note 5) 

300 

400 

300 

400 

200 500 

1000 

nA D c 

Input Common-Mode 
Voltage Range 

V+ = 30 V DC (LM3302, V+ = 28 V DC ) 
(Note 6) 

0 
cvi 

1 

+ 

> 

0 

0 V+-2.0 

0 V+-2.0 

V+ -2.0 

0 
cvi 

1 

+ 

> 

0 

0 
cvi 

1 

+ 

> 

0 

< 

8 

Saturation Voltage 

Vin(— )= i Vdc. V| N (+)=o, 

•sink mA 

700 

700 

700 

700 

400 700 

700 

mVoc 

Output Leakage Current 

Vin(+)=i Vdc. Vin(-)=o, 

Vo =30 Vdc. (LM3302, V 0 =28 V DC ) 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Mdc 

Differential Input Voltage 

Keep all Vin’s^O Vdc (or V - , 
if used), (Note 8) 

36 

36 

r 36 

36 

36 

28 

Vdc 


Note 1: For operating at high temperatures, the LM339/LM339A, LM2901, LM3302 must be derated based on a 125°C maximum junction temperature and a thermal resistance of 95°C/W which applies for the device soldered in a 
printed circuit board, operating in a still air ambient. The LM239 and LM139 must be derated based on a 150°C maximum junction temperature. The tow bias dissipation and the “ON-OFF” characteristic of the outputs keeps the chip 
dissipation very small (Pq^IOO mW), provided the output transistors are allowed to saturate. 

Note 2: Short circuits from the output to V+ can cause excessive heating and eventual destruction. When considering short circuits to ground, the maximum output current is approximately 20 mA independent of the magnitude of V+ . 
Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP transistors becoming forward biased and thereby acting as input diode 
clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the 1C chip. This transistor action can cause the output voltages of the comparators to go to the V+ voltage level (or to ground for a large 
overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns to a value greater than -0.3 Vdc (at 25°)C. 
Note 4: These specifications are limited to -55 °C^Ta^ + 125°C, for the LM139/LM139A. With the LM239/LM239A, all temperature specifications are limited to -25 °C^Ta^ + 85°C, the LM339/LM339A temperature specifications 
are limited to 0°C^Ta^ +70°C, and the LM2901, LM3302 temperature range is -40°C^Ta^ + 85°C. 

Note 5: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, independent of the state of the output so no loading change exists on the reference or input lines. 

Note 6: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode voltage range is V+ - 1 .5V at 25°C, but either or both inputs can go 
to +30 Vdc without damage (25V for LM3302), independent of the magnitude of V+. 

Note 7: The response time specified is a 100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained, see typical performance characteristics section. 

Note 8: Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the common-mode range, the comparator will provide a proper output state. The low input voltage state 
must not be less than -0.3 Vdc (or 0.3 Vdc below the magnitude of the negative power supply, if used) (at 25°C). 

Note 9: At output switch point, Vo s 1.4 Vdc. Rs =0ft with V+ from 5 Vdc to 30 Vdc; and over the full input common-mode range (0 Vdc to V+ -1.5 Vdc). at 25°C. For LM3302, V+ from 5 Vdc to 28 Vdc- 
Note 10: Refer to RETS139AX for LM139A military specifications and to RETS139X for LM139 military specifications. 





































Typical Performance Characteristics LM139/LM239/LM339, lmi 39 a/lm 239 a/lm 339 a,lm 3302 


Supply Current 


Input Current 


Output Saturation Voltage 



10 20 30 

V, SUPPLY VOLTAGE (Voc) 


10 20 30 

V*, SUPPLY VOLTAGE (Vqc) 


0.01 0.1 1 10 100 
lo. OUTPUT SINK CURRENT (mA) 


Response Time for Various 
Input Overdrives-Negative 
Transition 


Response Time for Various 
Input Overdrives-Positive 
Transition 




0.S 1.0 1.5 2.0 

TIME (ittte) 


0.S 1.0 1.5 2.0 

TIME Uoac) 
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LM139/LM239/LM339/LM2901/LM3302 


Application Hints 

The LM139 series are high gain, wide bandwidth devices 
which, tike most comparators, can easily oscillate if the out- 
put lead is inadvertently allowed to capacitively couple to 
the inputs via stray capacitance. This shows up only during 
the output voltage transition intervals as the comparator 
changes states. Power supply bypassing is not required to 
solve this problem. Standard PC board layout is helpful as it 
reduces stray input-output coupling. Reducing this input re- 
sistors to < 10 kft reduces the feedback signal levels and 
finally, adding even a small amount (1 to 10 mV) of positive 
feedback (hysteresis) causes such a rapid transition that 
oscillations due to stray feedback are not possible. Simply 
socketing the 1C and attaching resistors to the pins will 
cause input-output oscillations during the small transition in- 
tervals unless hysteresis is used. If the input signal is a 
pulse waveform, with relatively fast rise and fall times, hys- 
teresis is not required. 

All pins of any unused comparators should be grounded. 
The bias network of the LM139 series establishes a drain 
current which is independent of the magnitude of the power 
supply voltage over the range of from 2 Vdc to 30 Vdc- 
It is usually unnecessary to use a bypass capacitor across 
the power supply line. 


The differential input voltage may be larger than V+ without 
damaging the device. Protection should be provided to pre- 
vent the input voltages from going negative more than -0.3 
Vdc (at 25°C). An input clamp diode can be used as shown 
in the applications section. 

The output of the LM1 39 series is the uncommitted collector 
of a grounded-emitter NPN output transistor. Many collec- 
tors can be tied together to provide an output OR’ing func- 
tion. An output pull-up resistor can be connected to any 
available power supply voltage within the permitted supply 
voltage range and there is no restriction on this voltage due 
to the magnitude of the voltage which is applied to the V+ 
terminal of the LM139A package. The output can also be 
used as a simple SPST switch to ground (when a pull-up 
resistor is not used). The amount of current which the output 
device can sink is limited by the drive available (which is 
independent of V+) and the 13 of this device. When the 
maximum current limit is reached (approximately 16 mA), 
the output transistor will come out of saturation and the out- 
put voltage will rise very rapidly. The output saturation volt- 
age is limited by the approximately 60ft Rsat of the output 
transistor. The low offset voltage of the output transistor (1 
mV) allows the output to clamp essentially to ground level 
for small load currents. 


Typical Applications <v+ = s.ov DC ) 

Basic Comparator Driving CMOS 

+5.0 Vqc 




Driving TTL 


+5 Vdc 



AND Gate 


OR Gate 


v* 



V 
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Typical Applications (v+ = 15 vdc) (continued) 


Squarewave Oscillator 



TL/H/5706-16 


Comparing Input Voltages 
of Opposite Polarity 



Basic Comparator 


v 4 


Output Strobing 

V* 



V 0 



O Vo 


STROBE 

INPUT 


TL/H/5706-22 


*Or open-collector logic gate without pull-up resistor 


Limit Comparator 


Crystal Controlled Oscillator 


V 4 (12 V oc ) 




TL/H/5706-25 
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Split-Supply Applications (V+ = + 15 V DC and v- = - 1 5 V DC ) (Continued) 


Comparator With a Negative 

Zero Crossing Detector Reference 

V y 



TL/H/5706-32 TL/H/5706-33 


Schematic Diagram 

V + 



TL/H/5706-1 





LM160/LM360 


National Semiconductor 


LM160/LM360 High Speed Differential Comparator 

General Description Features 


The LM160/LM360 is a very high speed differential input, 
complementary TTL output voltage comparator with im- 
proved characteristics over the juA760/juA 760C, for which it 
is a pin-for-pin replacement. The device has been optimized 
for greater speed, input impedance and fan-out, and lower 
input offset voltage. Typically delay varies only 3 ns for over- 
drive variations of 5 mV to 400 mV. 

Complementary outputs having minimum skew are provid- 
ed. Applications involve high speed analog to digital conver- 
tors and zero-crossing detectors in disk file systems. 


Guaranteed high speed 
Tight delay matching on both outputs 
Complementary TTL outputs 
High input impedance 

Low speed variation with overdrive variation 

Fan-out of 4 

Low input offset voltage 

Series 74 TTL compatible , 


Connection Diagrams 


Metal Can Package 



Order Number LM160H/883* or LM360H 
See NS Package Number H08C 


Dual-In-Line Package 

V* OUT! OUT 2 GND 



NC IN 2 INI 


Order Number LM160J/883*, 

LM360M or LM36QN 

See NS Package Number J08A, M08A or N08E 


Dual-In-Package 


OUTPUT 1 OUTPUT 2 GNO 



INPUT 2 INPUT 1 


Order Number LM160J- 14/883* 
See NS Package Number J14A 


*Also available in SMD# 5962-8767401 
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Absolute Maximum Ratings (Notes) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 7) 

Positive Supply Voltage + 8V 

Negative Supply Voltage - 8V 

Peak Output Current 20 mA 

Differential Input Voltage ± 5V 

Input Voltage V 

ESD Tolerance (Note 8) 


+ i V IN S V" 
1600V 


Operating Temperature Range 
LM160 - 55°C to + 125°C 

LM360 0°C to + 70°C 

Storage T emperature Range - 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 260°C 

Soldering Information 
Dual-ln-Line Package 

Soldering (1 0 seconds) 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 21 5°C 

Infrared (1 5 seconds) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


Electrical Characteristics <t min -s t a <, t max ) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Operating Conditions 






Supply Voltage Vcc + 


4.5 

5 

6.5 

V 

Supply Voltage Vcc” 


-4.5 

-5 

-6.5 

V 

Input Offset Voltage 

R s ^ 200ft 


2 

5 

mV 

Input Offset Current 



0.5 

3 

ju,A 

Input Bias Current 



5 

20 

jjlA 

Output Resistance (Either Output) 

VoUT = Voh 


100 


ft 

Response Time 

T a = 25°C, V s = ±5V (Notes 1, 6) 


13 

25 

ns 


T a = 25°C, V s = ±5V (Notes 2, 6) 


12 

20 

ns 


T a = 25°C, V s = ±5V (Notes 3, 6) 


14 


ns 

Response Time Difference between Outputs 






(t p d Of + V||sji) - (t pc | of -V iN2 ) 

T a = 25°C (Notes 1,6) 


2 


ns 

(t p d Of +V|N 2 ) ~ (tpd of ~V|N i) 

T a = 25°C (Notes 1,6) 


2 


ns 

(tpd of +V| N1 ) - (tpd of +V| N2 ) 

T a = 25°C (Notes 1,6) 


2 


ns 

(tpd of -Vini) ~ (tpd of ~V| N2 ) 

T a = 25°C (Notes 1,6) 


2 


ns 

Input Resistance 

f = 1 MHz 


17 


kft 

Input Capacitance 

f = 1 MHz 


3 


PF 

Average Temperature Coefficient of 

Input Offset Voltage 

Rs = 50ft 


8 


julV/°C 

Average Temperature Coefficient of 

Input Offset Current 



7 


nA/°C 

Common Mode Input Voltage Range 

V s =± 6.5V 

±4 

±4.5 


V 

Differential Input Voltage Range 


±5 



V 

Output High Voltage (Either Output) 

l 0 UT = “320 juA, V s = ±4.5V 

2.4 

3 


V 

Output Low Voltage (Either Output) 

l S |NK = 6.4 mA 


0.25 

0.4 

V 

Positive Supply Current 

V s = ±6.5V 


18 

32 

mA 

Negative Supply Current 

V S = ±6.5V 


-9 

-16 

mA 


Note 1: Response time measured from the 50% point of a 30 mVp-p 10 MHz sinusoidal input to the 50% point of the output. 

Note 2: Response time measured from the 50% point of a 2 Vp-p 10 MHz sinusoidal input to the 50% point of the output. 

Note 3: Response time measured from the start of a 1 00 mV input step with 5 mV overdrive to the time when the output crosses the logic threshold. 
Note 4: Typical thermal impedances are as follows: 


Cavity DIP (J): 
Molded DIP (N): 


tfjA 

0jA 


135°C/W 

Header (H) 

0jA 

165°C/W 

(Still Air) 

130°C/W 


67°C/W 

(400 LF/minAir Flow) 



0jC 

25°C/W 



Note 5: The device may be damaged if used beyond the maximum ratings. 

Note 6: Measurements are made in AC Test Circuit, Fanout — 1 

Note 7: Refer to RETS 160X for LM160H, LM160J-14 and LM160J military specifications. 

Note 8: Human body model, 1.5 kft in series with 100 pF. 
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SUPPLY CURRENT (mA) INPUT OFFSET VOLTAGE (mV) 


Typical Performance Characteristics 


Offset Voltage 



-55 -35 -1 5 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE ( C) 


Input Currents vs Ambient 
Temperature 


- 55 - 35-15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (°C) 


Input Characteristics 


DIFFERENTIAL INPUT VOLTAGE (V) 


Supply Current vs Ambient 
Temperature 



- 55 - 35-15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (°C) 


Propagation Delay vs 
Ambient Temperature 


!■■■■■! 

iBESSa 


- 55 - 35-15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (°C) 


Delay of Output 1 With 
Respect to Output 2 vs 
Ambient Temperature 



- 55-35 -15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (°C) 


Common-Mode 
Pulse Response 



0 40 80 120 160 

TIME (nt) 


AC Test Circuit 


n «np 

, - L tr 


V|N= ±50 mV FANOUT=1 FANOUT =4 
V+ = +5V R — 2.4k R=630n 

V~=-5V C=15pF C=30 pF 
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Schematic Diagram 
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LM161/LM261/LM361 



National Semiconductor 


LM161/LM261/LM361 

High Speed Differential Comparators 


General Description 

The LM161/LM261/LM361 is a very high speed differential 
input, complementary TTL output voltage comparator with 
improved characteristics over the SE529/NE529 for which it 
is a pin-for-pin replacement. The device has been optimized 
for greater speed performance land lower input offset volt- 
age. Typically delay varies only 3 ns for over-drive variations 
of 5 mV to 500 mV. It may be operated from op amp sup- 
plies (± 15V). 

Complementary outputs having maximum skew are provid- 
ed. Applications involve high speed analog to digital con- 
verters and zero-crossing detectors in disk file systems. 


Features 

■ Independent strobes 

■ Guaranteed high speed 20 ns max 

■ Tight delay matching on both outputs 

■ Complementary TTL outputs 

■ Operates from op amp supplies ± 1 5V 

■ Low speed variation with overdrive variation 

■ Low input offset voltage 

■ Versatile supply voltage range 


Connection Diagrams 

DuaMn-Line Package 



Metal Can Package 
V* 



OUTPUT f 
GND 


OUTPUT 2 


TL/H/5708-3 

Order Number LM161H/883*, or LM361H 
See NS Package Number H10C 


Top View 

Order Number LM161J, LM161 J/883*, 
LM361M or LM361N 

See NS Package Number J14A, M14A or N14A 

♦Also available per SMD #5962-8757203 


Logic Diagram 


STROBE 1* Vcc 


♦Output is 
low when 
current is 
drawn from 
strobe pin. 
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Absolute Maximum Ratings (Note d 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 4) 


Positive Supply Voltage, V + 

+ 16V 

Negative Supply Voltage, V - 

-16V 

Gate Supply Voltage, V<x 

+ 7V 

Output Voltage 

+ 7V 

Differential Input Voltage 

±5V 

Input Common Mode Voltage 

±6V 

Power Dissipation 

600 mW 

Storage Temperature Range 

— 65°C to + 1 50°C 

Operating Temperature Range 

t MIN TmaX 

LM161 

— 55°C to + 1 25°C 

LM261 

— 25°C to + 85°C 

LM361 

0°C to + 70°C 

Lead Temp. (Soldering, 10 seconds) 

260° C 

For Any Device Lead Below V~ 

0.3V 

Electrical Characteristics <v+ = +iov,v c 


Operating Conditions 

Min 

Supply Voltage V+ 

LM161/LM261 
LM361 

Supply Voltage V - 
LM161/LM261 
LM361 

Supply Voltage Vqq 
LM161/LM261 
LM361 


Typ 


5V 

5V 


— 6V 
— 6V 


Max 

15V 

15V 

-15V 

-15V 


4.5V 5V 5.5V 

4.75V 5V 5.25V 

ESD T olerance (Note 5) 1 600V 

Soldering Information 
Dual-1 n-Line Package 

Soldering (1 0 seconds) 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 21 5°C 

Infrared (1 5 seconds) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


Parameter 

Conditions 

Limits 

Units 

LM161/LM261 

LM361 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 



1 

3 


1 

5 

mV 

Input Bias Current 

T a = 25°C 


5 

20 


10 

30 

< < 

Input Offset Current 

T a = 25°C 


2 

3 


2 

5 

< < 
3. i 

Voltage Gain 

T a =25°C 


3 



3 


V/mV 

Input Resistance 

T a = 25°C, f = 1 kHz 





20 


| 

Logical “1 ” Output Voltage 

V CC = 4.75 V, 

•source = “°- 5 mA 


Q 


2.4 

3.3 


a 

Logical “0” Output Voltage 

Vcc = 4.75V, 

Isink = 6.4 mA 


■ 

D 



0.4 

V 

Strobe Input “1 ” Current 
(Output Enabled) 

V CC = 5.25V, 

VsTROBE = 2.4V 






200 

fiA 

Strobe Input “0” Current 
(Output Disabled) 

V CC = 5.25V, 

VsTROBE = 0-4V 








Strobe Input “0” Voltage 

V CC = 4.75V 



0.8 



0.8 

V 

Strobe Input “1 ” Voltage 

V C C = 4.75 V 

2 



2 



V 

Output Short Circuit Current 

V CC = 5.25V, V O UT = 0V 

-18 


-55 

-18 


-55 

mA 
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LM161/LM261/LM361 


Electrical Characteristics (Continued) 

(V+ = + 10V, Vqc = + 5V, V~ = -10V, Tmin ^ Ta ^ Tmax. unless noted) 




Limits 


Parameter 

Conditions 

LM161/LM261 

LM361 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 



V+=10V,V- = -10V, 



wm 





Supply Current 1 + 

V CC = 5.25V, 
-55°C£T A <;i25 0 C 



m 



■ 



< 

+ 

II 

1 

< 

l 

II . 

1 

a 

§ 



■ ■ 





Supply Current 1 + 

V CC = 5.25 V, 
0°C^T a ^70°C 



■ 



5 

mA 


V+ = 10V,V- = -10V, 








Supply Current 1 ~ 

V CC = 5.25V, 
-55°C^T a ^125°C 



10 



■ 

mA 


V+ = 10V, v- = -iov, 








Supply Current l~ 

V CC = 5.25 V, 
o°c<;Ta<;70 o c 



■ 



10 

mA 


V+ = 10V, V- = -10V, 






■S1H 


Supply Current Ice 

V cc = 5.25 V, 
-55 °C£T a ^125°C 



18 



■ 

mA 


v+ = iov, v- = -iov, 








Supply Current Icc 

V CC = 5.25V, 
0°C^Ta^70°C 



■ 



20 

mA 

Transient Response 

Vin = 50 mV overdrive 
(Note 3) 




■ 



m 

Propagation Delay Time (t pc |(o)) 

T a =25°C 


14 

20 


14 

20 

1 

Propagation Delay Time (t pc j(i)) 

T a =25°C 


14 

20 

■111 

14 

20 

WEm 

Delay Between Output A and B 

T a = 25°C 


2 

5 


2 

5 

ns 

Strobe Delay Time (t P d(0)) 

T a =25°C 


8 



8 


ns 

Strobe Delay Time (t pc j(i)) 

T a =25°C 


8 



8 


ns 


Note 1: The device may be damaged by use beyond the maximum ratings. 
Note 2: Typical thermal impedances are as follows: 

H Package J Package N Package 


0 jA 165°C/W(Still Air) 112°C/W 105°C/W 

67°C/W (400 IF/Min 
Air Flow) 

0jC 25°C/W 

Note 3: Measurements using AC Test circuit, Fanout = 1. The devices are faster at low supply voltages. 
Note 4: Refer to RETS161X for LM161H and LM161J military specifications. 

Note 5: Human body model, 1.5 kft in series with 100 pF. 
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Typical Performance Characteristics 


Offset Voltage 



-JIB -35 -IS S 26 45 IS 15 105 125 
AMBIENT TEMPERATURE ( C) 


Supply Current vs 
Ambient Temperature 



AMBIENT TEMPERATURE ( 0 

Delay of Output 1 With 
Respect to Output 2 vs 
Ambient Temperature 



55 -15 -15 5 25 45 85 IS IBS 125 
AMBIENT TEMPERATURE |°C> 

Propagation Delay vs 
Supply Voltage 






- 

- 




















































tor 


















MM 


L 

— 

-J 









Input Currents vs Ambient 
Temperature 



±5 ±6 ±7 ±8 ±9 ±10 ±11 ±12 ±13 ±14 ±15 
V+, NT - SUPPLY VOLTAGE (V) 

TL/H/5708-7 


AMBIENT TEMPERATURE (°C| 

Supply Current vs 
Supply Voltage 



SUPPLY VOLTAGE (V*. V") (V) 


Strobe Delay vs Ambient 
Temperature 



-55-35 -15 5 25 45 55 15 105 125 
AMBIENT TEMPERATURE TO 

AC Test Circuit 


Input Characteristics 


3 

fc 

i 

3 

i 



■ 

■ 

■ 

■ 

■ 

H 

8 

mtiS 

■ 

fe 

■ 

■ 

■ 

■ 




■ 

■ 

■ 

■ 

■ 

■| 

■ 

■ 

■ 


■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■j 

■ 

■ 

■ 

■ 

li 

■ 

■ 

■ 

■ 

■ 
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LM161/LM261/LM361 


Schematic Diagram 


LM161 



RIO, R16: 85 
R1 1, R17: 205 
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National Semiconductor 

LM193/LM293/LM393/LM2903 

Low Power Low Offset Voltage Dual Comparators 

General Description 

The LM193 series consists of two independent precision 
voltage comparators with an offset voltage specification as 
low as 2.0 mV max for two comparators which were de- 
signed specifically to operate from a single power supply 
over a wide range of voltages. Operation from split power 
supplies is also possible and the low power supply current 
drain is independent of the magnitude of the power supply 
voltage. These comparators also have a unique characteris- 
tic in that the input common-mode voltage range includes 
ground, even though operated from a single power supply 
voltage. 

Application areas include limit comparators, simple analog 
to digital converters; pulse, squarewave and time delay gen- 
erators; wide range VCO; MOS clock timers; multivibrators 
and high voltage digital logic gates. The LM193 series was 
designed to directly interface with TTL and CMOS. When 
operated from both plus and minus power supplies, the 
LM193 series will directly interface with MOS logic where 
their low power drain is a distinct advantage over standard 
comparators. 

Advantages 

■ High precision comparators 

■ Reduced Vqs drift over temperature 


■ Eliminates need for dual supplies 

■ Allows sensing near ground 

■ Compatible with all forms of logic 

■ Power drain suitable for battery operation 

Features 

■ Wide supply 

Voltage range 2.0V to 36V 

single or dual supplies ±1.0V to ±18V 

■ Very low supply current drain (0.4 mA) — independent 
of supply voltage 

■ Low input biasing current 25 nA 

■ Low input offset current ± 5 nA 

and maximum offset voltage ± 3 mV 

■ Input common-mode voltage range includes ground 

■ Differential input voltage range equal to the power sup- 
ply voltage 

■ Low output saturation voltage, 250 mV at 4 mA 

■ Output voltage compatible with TTL, DTL, ECL, 

MOS and CMOS logic systems 



Schematic and Connection Diagrams 



Metal Can Package 



TOP VIEW 

Order Number LM193H, 
LH193H/883*, 
LM193AH, LM193AH/883, 
LM293H, LM293AH, LM393H 
or LM393AH 

See NS Package Number H08C 


Dual-In-Line Package 



Order Number LM193J/883*, 
LM193AJ/883, 

LM393J, LM393AJ, 
LM393M, LM2903M, LM393N, 
LM2903J or LM2903N 
See NS Package Number J08A, 
M08A or N08E 


*Also available per JM3851 0/1 1202 


I 
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LM 1 93/LM293/LM393/LM2903 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, please 
contact the National Semiconductor Sales Office/Distributors for 


availability and specifications. 

(Note 10) 

Supply Voltage, V + 36V 

Differential Input Voltage (Note 8) 36V 

Input Voltage - 0.3V to 4- 36V 

Input Current (Vjn < - 0.3V) (Note 3) 50 mA 

Power Dissipation (Note 1) 

Molded DIP 780 mW 

Metal Can 660 mW 

Small Outline Package 51 0 mW 


Output Short-Circuit to Ground (Note 2) 


Continuous 


Operating Temperature Range 
LM393/LM393A 
LM293/LM293A 
LM193/LM193A 
LM2903 

Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 
Soldering Information 
Dual-1 n-Line Package 
Soldering (10 seconds) 

Small Outline Package 
Vapor Phase (60 seconds) 

Infrared (15 seconds) 


0°Cto +70°C 
— 25°Cto + 85°C 
— 55°C to +125°C 
— 40°Cto + 85°C 
— 65°Cto + 1 50°C 
+ 260°C 


260°C 

215°C 

220°C 


See AN-450 “Surface Mounting Methods and Their Effect on Product 
Reliability” for other methods of soldering surface mount devices. 


ESD rating (1 .5 kft in series with 100 pF) 


1300V 


Electrical Characteristics (V+ =5V, Ta = 25°C, unless otherwise stated) 


Parameter 

Conditions 

LM193A 

LM293A, LM393A 

LM193 

LM293, LM393 

LM2903 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min Typ 

Max 

Input Offset Voltage 

(Note 9) 


1.0 

2.0 


1.0 

2.0 


1.0 

5.0 


1.0 

5.0 


2.0 

7.0 

mV 

Input Bias Current 

•in(+) or I|n( — ) w it h Output In Linear 
Range, Vqm = 0V (Note 5) 


25 

100 


25 

250 


25 

100 


25 

250 


25 

250 

nA 

Input Offset Current 

Iin(+)-Iin(-)V C m = ov 


3.0 

25 


5.0 

50 


3.0 

25 


5.0 

50 


5.0 

50 

nA 

Input Common Mode 

V + = 30V (Note 6) 

0 


V+-1.5 

0 


V+-1.5 

0 


as 

0 


1 

0 


V+-1.5 

■ 

Voltage Range 











Mi 1 



Ml 




■ 

Supply Current 

R|_= oo 

V+=5V 


0.4 

1 


0.4 

1 

a 




0.4 

1 


0.4 

1.0 

mA 


V + = 36V 


1 

2.5 


1 

2.5 

■ 




1 

2.5 


1 

2.5 

mA 

Voltage Gain 

R|_^15 kft, V+ = 15V 

V 0 = IV to 11V 

50 

200 


50 

200 


50 

200 


50 

200 


25 

100 


V/mV 

Large Signal Response 

V|N = TTL Logic Swing, Vref = 1 -4V 


300 



300 



300 



300 



300 


ns 

Time 

Vrl=5V,R l = 5.1 kft 

















Response Time 

Vr L =5V, R l = 5.1 kft (Note 7) 

1.3 

1.3 

1.3 

1.3 

1.5 

JLlS 

Output Sink Current 

V|n(-) = 

IV, V in (+) = 0 ,V o ^1.5V 

6.0 

16 


6.0 

16 


6.0 

16 


6.0 

16 


6.0 

16 


mA 

Saturation Voltage 

V| N (-) = 

IV, V|n(+) = 0, IsiNK^^mA 


250 

400 


250 

400 


250 

400 


250 

400 


250 

400 

mV 

Output Leakage Current 

V| N (-) = 

0, V in (+) = 1V,V 0 = 5V 

0.1 

0.1 

0.1 

0.1 

0.1 

nA 
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Electrical Characteristics <v + = sv)<Note4) 


Parameter 

Conditions 

LM193A 

LM293A, LM393A 

LM193 

LM293, LM393 

LM2903 

Units 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ 

Max 

Input Offset Voltage 

(Noted) 

4.0 

4.0 

9 

9 

9 

15 

mV 

Input Offset Current 

l|N(+)-l|N(— ). Vcm = 0V 

100 

150 

100 

150 

50 

200 

nA 

Input Bias Current 

•in(+) or Iin( — ) with Output in Linear Range, 
VcM=0V(Note5) 

300 

400 

300 

400 

200 

500 

nA 

Input Common Mode Voltage Range 

V+=30V(Note6) 

0 V+ -2.0 

q 

7 

+ 

> 

o 

0 

< 

+ 

1 

S 

0 V+ -2.0 

0 

V+ -2.0 

V 

Saturation Voltage 

V| N (-) = 1V, V|n(+ ) = 0, lsiNK^4mA 

700 

700 

700 

700 

400 

700 

mV 

Output Leakage Current 

V| N (— )~0, V,n ( + ) = 1V, V o = 30V 

1.0 

1.0 

1.0 

1.0 


1.0 

mA 

Differential Input Voltage 

Keep All V, N *s;>0V (or V~, if Used), 

(Note 8) 

36 

36 

36 

36 


36 

V 


Note 1: For operating at high temperatures, the LM393/LM393A and LM2903 must be derated based on a 125°C maximum junction temperature and a thermal resistance of 170°C/W which applies for the device soldered in a printed 
circuit board, operating in a still air ambient. The LM193/LM193A/LM293/LM293A must be derated based on a 150°C maximum junction temperature. The low bias dissipation and the “ON-OFF” characteristic of the outputs keeps the 
chip dissipation very small (Pd^IOO mW), provided the output transistors are allowed to saturate. 

Note 2: Short circuits from the output to V+ can cause excessive heating and eventual destruction. When considering short circuits to ground, the maximum output current is approximately 20 mA independent of the magnitude of V+. 
Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP transistors becoming forward biased and thereby acting as input diode 
clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the 1C chip. This transistor action can cause the output voltages of the comparators to go to the V+ voltage level (or to ground for a large 
overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns to a value greater than -0.3V. 

Note 4: These specifications are limited to -55°C^T A :£ + 125°C, for the LM193/LM193A, With the LM293/LM293A all temperature specifications are limited to -25°C:£T A ^ +85°C and the LM393/LM393A temperature specifica- 
tions are limited to 0°C<:T A <; + 70°C. The LM2903 is limited to -40°C£T A £ + 85°C. 

Note 5: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, independent of the state of the output so no loading change exists on the reference or input lines. 

Note 6: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode voltage range is V + - 1 .5V at 25°C, but either or both inputs can go 
to 36V without damage, independent of the magnitude of V+. 

Note 7: The response time specified is for a 100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained, see typical performance characteristics section. 

Note 8: Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the common-mode range, the comparator will provide a proper output state. The low input voltage state must 
not be less than -0.3V (or 0.3V below the magnitude of the negative power supply, if used). 

Note 9: At output switch point, Vq ® 1 .4V, Rg = 0SI with V + from 5V to 30V; and over the full input common-mode range (0V to V+-1.5V), at 25°C. 

Note 10: Refer to RETS193AX for LM193AH military specifications and to RETS193X for LM193H military specifications. 


CO 
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Typical Performance Characteristics LM 193 /LM 293 /LM 393 , lmi 93 a/lm 293 a/lm 393 a 


Supply Current 



V + - SUPPLY VOLTAGE (Vqc) 


Input Current 



0 10 20 30 40 

V + - SUPPLY VOLTAGE (Vqc) 


Output Saturation Voltage 



0.01 0.1 1,0 10 100 


l 0 - OUTPUT SINK CURRENT (mA) 


Response Time for Various 
Input Overdrives— Negative 
Transition 


Response Time for Various 
Input Overdrives— Positive 
Transition 



TIME Oxsec) 



Typical Performance Characteristics LM2903 


Supply Current 



0 10 20 30 40 

V + , SUPPLY VOLTAGE (V„c) 


Input Current 



0 10 20 30 40 

V + , SUPPLY VOLTAGE (Voc) 


Output Saturation Voltage 



l 0 , OUTPUT SINK CURRENT (mA) 


Response Time for Various 
Input Overdrives— Negative 
Transition 



Response Time for Various 
Input Overdrives— Positive 
Transition 
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Application Hints 

The LM193 series are high gain, wide bandwidth devices 
which, like most comparators, can easily oscillate if the out- 
put lead is inadvertently allowed to capacitively couple to 
the inputs via stray capacitance. This shows up only during 
the output voltage transition intervals as the comparator 
change states. Power supply bypassing is not required to 
solve this problem. Standard PC board layout is helpful as it 
reduces stray input-output coupling. Reducing the input re- 
sistors to < 10 kH reduces the feedback signal levels and 
finally, adding even a small amount (1.0 to 10 mV) of posi- 
tive feedback (hysteresis) causes such a rapid transition 
that oscillations due to strqy feedback are not possible. Sim- 
ply socketing the 1C and attaching resistors to the pins will 
cause input-output oscillations during the small transition in- 
tervals unless hysteresis is used. If the input signal is a 
pulse waveform, with relatively fast rise and fall times, hys- 
teresis is not required. 

All pins of any unused comparators should be grounded. 

The bias network of the LM193 series establishes a drain 
current which is independent of the magnitude of the power 
supply voltage over the range of from 2.0 Vdc to 30 Vdc- 

It is usually unnecessary to use a bypass capacitor across 
the power supply line. 

Typical Applications (v+ =5.0 v DC ) 


The differential input voltage may be larger than V+ without 
damaging the device (see Note 8). Protection should be 
provided to prevent the input voltages from going negative 
more than -0.3 Vdc (at 25°C). An input clamp diode can be 
used as shown in the applications section. 

The output of the LM1 93 series is the uncommitted collector 
of a grounded-emitter NPN output transistor. Many collec- 
tors can be tied together to provide an output OR’ing func- 
tion. An output pull-up resistor can be connected to any 
available power supply voltage within the permitted supply 
voltage range and there is no restriction on this voltage due 
to the magnitude of the voltage which is applied to the V+ 
terminal of the LM193 package. The output can also be 
used as a simple SPST switch to ground (when a pull-up 
resistor is not used). The amount of current which the output 
device can sink is limited by the drive available (which is 
independent of V+) and the 0 of this device. When the 
maximum current limit is reached (approximately 16 mA), 
the output transistor will come out of saturation and the out- 
put voltage will rise very rapidly. The output saturation volt- 
age is limited by the approximately 60fl tsat of the output 
transistor. The low offset voltage of the output transistor 
(1 .0 mV) allows the output to clamp essentially to ground 
level for small load currents. 


Basic Comparator 


Driving CMOS 


Driving TTL 





TL/H/5709-2 
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Typical Applications (Continued) 


Squarewave Oscillator 


Pulse Generator 


Crystal Controlled Oscillator 
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LM612 



Nationa 


l Semiconductor 


LM612 

Dual-Channel Comparator and Reference 


General Description 

The dual-channel comparator consists of two individual 
comparators, having an input voltage range that extends 
down to the negative supply voltage V - . The common 
open-collector output can be driven low by either half of the 
LM612. This configuration makes the LM612 ideal for use 
as a window comparator. The input stages of the compara- 
tor have lateral PNP input transistors which maintain low 
input currents for large differential input voltages and swings 
above V + . 

The 1.2V voltage reference, referred to the V~ terminal, is a 
two-terminal shunt-type band-gap similar to the LM185-1.2 
series, with voltage accuracy of ±0.6% available. The refer- 
ence features operation over a shunt current range of 1 7 /xA 
to 20 mA, low dynamic impedance, and broad capacitive 
load range. 

As a member of National’s Super-BlockTM family, the 
LM612 is a space-saving monolithic alternative to a multi- 
chip solution, offering a high level of integration without sac- 
rificing performance. 


Features 

COMPARATORS 

■ Low operating current 

■ Wide supply voltage range 

■ Open-collector outputs 

■ Input common-mode range 

■ Wide differential input voltage 

REFERENCE 

■ Fixed output voltage 

■ Tight initial tolerance available 

■ Wide operating current range 

■ Tolerant of load capacitance 

Applications 

■ Voltage window comparator 

■ Power supply voltage monitor 

■ Dual-channel fault monitor 


300 jxA 
4V to 36V 

V- to (V+ - 1.8V) 
+ 36V 


1.24V 
±0.6% (25°C) 
17 ju,A to 20 mA 


Connection Diagram 



TL/H/ 11058-1 


Ordering Information 

For information about surface-mount packaging of this device, please contact the Analog Product Marketing group at 
National Semiconductor Corporation headquarters. 


Reference 

Tolerances 

Temperature Range 

Package 

NSC 

Package 

Number 

Military 

-55°C<:Tj£ +125°C 

Industrial 

— 40°C £ Tj +85°C 

± 0.6% at 25°C, 

80 ppm/°C Max 

LM612AMN 

LM612AIN 

8-Pin 

Molded DIP 

N08E 

LM612AMJ/883 
(Note 13) 


8-Pin 

Ceramic DIP 

J08A 

±2.0% at 25°C, 

150 ppm/°C Max 

LM612MN 

LM612IN 

8-Pin 

Molded DIP 

N08E 


LM612IM 

8-Pin Narrow 
Surface Mount 

M08A 
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Absolute Maximum Ratings (Note n 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Voltage on Any Pin Except Vr (referred to V - pin) 


(Note 2) 

(Note 3) 

Current through Any Input Pin and Vr Pin 
Differential Input Voltage 
Output Short-Circuit Duration 
Storage Temperature Range 
Maximum Junction Temperature 


36V (Max) 
-0.3 V (Min) 
±20 mA 
±36V 
(Note 4) 

— 65°C <;Tj <; + 1 50°C 
150°C 


Thermal Resistance, Junction-to-Ambient (Note 5) 

N Package 100°C/W 

Soldering Information 
N Package 

Soldering (1 0 seconds) 260°C 

ESD Tolerance (Note 6) ± 1 kV 

Operating Temperature Range 

LM612AI, LM612I -40°C £ T j £ +85°C 

LM612AM, LM612M -55°C £ Tj £ + 125°C 


Electrical Characteristics These specifications apply for V" = GND = 0V, V+ = 5V, Vqm = Vout = V+/2, 
Ir = 100 fj, A, unless otherwise specified. Limits in standard typeface are for Tj = 25°C; limits in boldface type apply over the 

Operating Temperature Range. 






LM612AM 

LM612M 


Symbol 

Parameter 

Conditions 

Typical 
(Note 7) 

LM612AI 

Limits 

LM612I 

Limits 

Units 





(Note 8) 

(Note 8) 


COMPARATORS 

•s 

Total Supply Current 

V+ Current, Rload = 00 » 

150 

250 

250 

jaA Max 



3V ^ V+ <; 36V 

170 

300 

300 

julA Max 

Vos 

Offset Voltage over 

4V <; V+ ^ 36V, R l = 15 kfl 

1.0 

3.0 

5.0 

mV Max 


V+ Range 


2.0 

6.0 

7.0 

mV Max 

Vos 

Offset Voltage over 

ov <; v C M ^ (V+ - 1 . 8 V) 

1.0 

3.0 

5.0 

mV Max 


Vcm Rang© 

V+ = 30V, R L = 15 ka 

1.5 

6.0 

7.0 

mV Max 

AVos 

AT 

Average Offset Voltage 
Drift 


15 



juV/°C 

Ib 

Input Bias Current 


5 

25 

35 

nA Max 




8 

30 

40 

nA Max 

•os 

Input Offset Current 


0.2 

4 

4 

nA Max 




0.3 

5 

5 

nA Max 

A V 

Voltage Gain 

R l = 1 0ka to 36V, 

500 

50 

50 

V/mV Min 



2V ^ Vqut ^ 27V 

100 



V/mV 

tR 

Large Signal Response 

V +IN = 1.4V,V_ in = TTL 

1.5 



JLlS 


Time 

Swing, Rl = 5.1 ka 

2.0 



JXS 

•sink 

Output Sink Current 

V+in = 0V, V_in = IV, 

20 

10 

10 

mA Min 



V 0 UT = 1.5V 

13 

8 

8 

mA Min 



V 0 UT = 0.4V 

2.8 

1.0 

0.8 

mA Min 




2.4 

0.5 

0.5 

mA Min 

«L 

Output Leakage Current 

V + , N == IV, V-in = 0V, 

0.1 

10 

10 

fiA Max 



Vqut = 36V 

0.2 



JLtA 
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Electrical Characteristics These specifications apply for V~ = GND = OV. V+ = 5V, Vqm == Vqut V+/2, 
Ir = 100 jutA, unless otherwise specified. Limits in standard typeface are for Tj = 25°C; limits in boldface type apply pver the 
Operating Temperature Range. (Continued) 






LM612AM 

LM612M 


Symbol 

Parameter 

Conditions 

Typical 
(Note 7) 

LM612AI 

Limits 

LM612I 

Limits 






(Note 8) 

(Note 8) 



VOLTAGE REFERENCE (Note 9) 



Reference Voltage 


1.244 

1.2365 

1.2191 

V Min 





1.2515 

1.2689 

y Max 





(±0.6%) 

(±2%) 


AVr 

Average Drift with 

(Note 10) 

18 

80 

150 

ppm/°C 

AT 

Temperature 


Max 

AVr 

Average Drift with 

Tj = 40°C 

400 





Time 

Tj = 150°C 

1000 




■ 

Hysteresis 

(Note 11) 

mm 



juV /0 C 


Vr Change with 

Vr[100jxA] - V R [ 17/xA ] 

0.05 


bpb 

mV Max 


Current 


0.1 



mV Max 

1 





5 

mV Max 






5.5 

mV Max 

1 

Resistance 

av R [10 mA to 0.1 mA]/9*9 mA 

0.2 

0.56 

0.56 

ft Max 

■ 


AVr [ioo nA to 17 Ml /83 f* A 

0.6 

13 

13 

ft Max 

AVr 

Vr Change with 

Vr[V+ = 5V] “ Vr[ V + = 36V] 

0.1 

1.2 

1.2 

mV Max 

AV+ , 

V+ Change 


0.1 

1.3 

1.3 

mV Max 



Vr[V+ = 5V] “ Vr[v+ = 3V] 

0.01 


BW 

mV Max 




0.01 



mV Max 

e n 

Voltage Noise 

BW = 1 0 Hz to 1 0 kHz 

30 



/aVrms 


Note 1: Absolute maximum ratings indicate limits beyond which damage to the component may occur. Electrical specifications do not apply when operating the 
device beyond its rated operating conditions. 

Note 2: Input voltage above V+ is not allowed. As long as one input pin voltage remains inside the common-mode range, the comparator will deliver the correct 
output. 

Note 3: More accurately, it is excessive current flow, with resulting excess heating, that limits the voltages on all pins. When any pin is pulled a diode drop below 
V~, a parasitic NPN transistor turns ON. No latch-up will occur as long as the current through that pin remains below the Maximum Rating. Operation is undefined 
and unpredictable when any parasitic diode or transistor is conducting. 

Note 4: Shorting the Output to V - will not cause power dissipation, so it may be continuous. However, shorting the Output to any more positive voltage (including 
V+), will cause 80 mA (typ.) to be drawn through the output transistor. This current multiplied by the applied voltage is the power dissipation in the output transistor. 
If this total power causes the junction temperature to exceed 1 50°C, degraded reliability or destruction of the device may occur. To determine junction temperature, 
see Note 5. 

Note 5: Junction temperature may be calculated using Tj = Ta + Pd 0ja- The given thermal resistance is worst-case for packages in sockets in still air. For 
packages soldered to copper-clad board with dissipation from one comparator or reference output transistor, nominal 0 ja is 90°C/W for the N package. 

Note 6: Human body model, 100 pF discharged through a 1.5 kft resistor. 

Note 7: Typical values in standard typeface are for Tj = 25°C; values in boldface type apply for the full operating temperature range. These values represent the 
most likely parametric norm. 

Note 8: All limits are guaranteed for Tj = 25°C (standard type face) or over the full operating temperature range (bold type face). 

Note 9: Vr is the reference output voltage, nominally 1 .24V. 

Note 10: Average reference drift is calculated from the measurement of the reference voltage at 25°C and at the temperature extremes. The drift, in ppm/°C, is 
106 • AVr/Vr[ 25 «c] • ATj, where AVr is the lowest value subtracted from the highest, V R [ 2 5 °c] is the value at 25°C, and ATj is the temperature range. This 
parameter is guaranteed by design and sample testing. 

Note 11: Hysteresis is the change in Vr caused by a change in Tj, after the reference has been “dehysterized”. To dehysterize the reference; that is minimize the 
hysteresis to the typical value, its junction temperature should be cycled in the following pattern, spiralling in toward 25°C: 25°C, 85°C, -40°C, 70°C, 0°C, 25°C. 
Note 12: Low contact resistance is required for accurate measurement. 

Note 13: A military RETS 612AMX electrical test specification is available on request. The military screened parts can also be procured as a Standard Military 
Drawing. 
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Simplified Schematic Diagrams 
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REFERENCE VOLTAGE (V) CATHODE CAPACITANCE <ji F) REFERENCE VOLTAGE CHANGE (mV) REFERENCE VOLTAGE (V) 


Typical Performance Characteristics (Reference) 

Tj = 25°C, V“ = OV, unless otherwise noted 


Reference Voltage vs Temp. 
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Typical Performance Characteristics (Comparators) 

Tj = 25°C, V+ = 5V, V- = OV 


Supply Current 
vs Supply Voltage 
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LM612 


Application Information 

VOLTAGE REFERENCE 


Reference Biasing 

The voltage reference is of a shunt regulator topology that 
models as a simple zener diode. With current Ir flowing in 
the “forward” direction there is the familiar diode transfer 
function. Ir flowing in the reverse direction forces the refer- 
ence voltage to be developed from cathode to anode. 


6 


V R = 1.24V 

Anode committed to V- 


17 l R < 20 mA 
Cathode 


TL/H/1 1058-8 

FIGURE 1. 1.24V Reference is Developed between 
Cathode and Anode; Current Source Ir is External 

The reference equivalent circuit reveals how Vr is held at 
the constant 1 .2V by feedback for a wide range of reverse 
current. 



TL/H/1 1058-9 

FIGURE 2. Reference Equivalent Circuit 

To generate the required reverse current, typically a resistor 
is connected from a supply voltage higher than the refer- 
ence voltage to the Reference Output pin. Varying that volt- 
age, and so varying Ir, has small effect with the equivalent 
series resistance of less than an ohm at the higher currents. 
Alternatively, an active current source, such as the LM134 
series, may generate Ir. 


5V 



TL/H/1 1058-10 

FIGURE 3. 1.2V Reference 


Capacitors in parallel with the reference are allowed. See 
the Reference AC Stability Range typical curve for capaci- 
tance values — from 20 jmA to 3 mA the reference is stable 
for any value of capacitance. With the reference’s wide sta- 
bility range with resistive and capacitive loads, a wide range 
of RC filter values will perform noise filtering when neces- 
sary. 

Reference Hysteresis 

The reference voltage depends, slightly, on the thermal his- 
tory of the die. Competitive micro-power products vary— al- 
ways check the datasheet for any given device. Do not as- 
sume that no specification means no hysteresis. 

COMPARATORS 

Either comparator or the reference may be biased in any 
way with no effect on the other sections of the LM612, ex- 
cept when a substrate diode conducts (see Electrical Char- 
acteristics Note 3). For example, one or both inputs of one 
comparator may be outside the input voltage range limits, 
the reference may be unpowered, and the other comparator 
will still operate correctly. The inverting input of an unused 
comparator should be tied to V~ and the non-inverting tied 
to V+. 


Hysteresis 

Any comparator may oscillate or produce a noisy output if 
the applied differential input voltage is near the compara- 
tor’s offset voltage. This usually happens when the input 
signal is moving very slowly across the comparator’s switch- 
ing threshold. This problem can be prevented by the addi- 
tion of hysteresis, or positive feedback, as shown in Figure 
4. 


v+ 



r f 


TL/H/1 1058-11 

FIGURE 4. Rs and Rp Add Hysteresis to Comparator 

The amount of hysteresis added in Figure 4 is 


V H = V+ 


X 


Rs 

(Rf + Rs) 


~V+ x “ for R F > > R s 

Rp 

A good rule of thumb is to add hysteresis of at least the 
maximum specified offset voltage. More than about 50 mV 
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Application Information (Continued) 

of hysteresis can substantially reduce the accuracy of the 
comparator, since the offset voltage is effectively being in- 
creased by the hysteresis when the comparator output is 
high. 

It is often a good idea to decrease the amount of hysteresis 
until oscillations are observed, then use three times that 
minimum hysteresis in the final circuit. Note that the amount 
of hysteresis needed is greatly affected by layout. The 
amount of hysteresis should be rechecked each time the 
layout is changed, such as changing from a breadboard to a 
P.C. board. 

Input Stage 

The input stage uses lateral PNP input transistors which, 
unlike those of many op amps, have breakdown voltage 
BVebo equal to the absolute maximum supply voltage. Also, 
they have no diode clamps to the positive supply nor across 
the inputs. These features make the inputs look like high 
impedances to input sources producing large differential 
and common-mode voltages. 


The guaranteed common-mode input voltage range for an 
LM612 is V~ ^ Vqm £ (V+ - 1.8V), over temperature. 
This is the voltage range in which the comparisons must be 
made. If both inputs are within this range, the output will be 
at the correct state. If one input is within this range, and the 
other input is less than (V~ + 32V), even if this is greater 
than V+, the output will be at the correct state. If, however, 
either or both inputs are driven below V - , and either input 
current exceeds 1 0 ju,A, the output state is not guaranteed 
to be correct. If both inputs are above (V+ - 1.8V), the 
output state is also not guaranteed to be correct. 

Output Stage 

The comparators have a common open-collector output 
stage which requires a pull-up resistor to a positive supply 
voltage for the output to switch properly. When the internal 
output transistor is off, the output (HIGH) voltage will be 
pulled up to this external positive voltage. 

To ensure that the LOW output voltage is under the TTL-low 
threshold, the output transistor’s load current must be less 
than 0.8 mA (over temperature) when it turns on. This im- 
pacts the minimum value of the pull-up resistor. 


Typical Applications 


V+ 
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National Semiconductor 


LM613 Dual Operational Amplifiers, 

Dual Comparators, and Adjustable Reference 

General Description Features 


The LM613 consists of dual op-amps, dual comparators, 
and a programmable voltage reference in a 1 6-pin package. 
The op-amps out-performs most single-supply op-amps by 
providing higher speed and bandwidth along with low supply 
current. This device was specifically designed to lower cost 
and board space requirements in transducer, test, measure- 
ment, and data acquisition systems. 

Combining a stable voltage reference with wide output 
swing op-amps makes the LM613 ideal for single supply 
transducers, signal conditioning and bridge driving where 
large common-mode-signals are common. The voltage ref- 
erence consists of a reliable band-gap design that maintains 
low dynamic output impedance (in typical), excellent initial 
tolerance (0.6%), and the ability to be programmed from 
1 .2V to 6.3V via two external resistors. The voltage refer- 
ence is very stable even when driving large capacitive 
loads, as are commonly encountered in CMOS data acquisi- 
tion systems. 

As a member of National’s Super-BlockTM family, the 
LM613 is a space-saving monolithic alternative to a multi- 
chip solution, offering a high level of integration without sac- 
rificing performance. 

Connection Diagrams 



Top View 


Ordering Information 


1.2V to 6.3V 
± 0 . 6 % 
17 \iA to 20 mA 


OP AMP 

■ Low operating current (Op Amp) 300 /xA 

■ Wide supply voltage range 4V to 36V 

■ Wide common-mode range V" to (V+ - 1.8V) 

■ Wide differential input voltage ±36V 

■ Available in plastic package rated for Military Temp. 
Range Operation 

REFERENCE 

■ Adjustable output voltage 1.2V to 6.3V 

■ Tight initial tolerance available ±0.6% 

■ Wide operating current range 17 jxAXo 20 mA 

■ Tolerant of load capacitance 

Applications 

■ Transducer bridge driver 

■ Process and mass flow control systems 

■ Power supply voltage monitor 

■ Buffered voltage references for A/D’s 


E Package Pinout 

-IN Comp Comp -IN 

Comp Out Out Comp 

( 1 ) (0 ( 4 ) ( 4 ) 





Out Food Cath- Out 

Amp Back ode Amp 

( 2 ) ( 3 ) 



Temperature Range 


Military Industrial 

— 55°C <; T a <; + 125°C — 40°C ^ T A ^ ±85 c 


Commercial 
C 0°C^T A ^+70 o C 


±0.6% 

80 ppm/°C Max. 

LM613AMN 

LM613AIN 

Vqs ^ 3.5 mV 

LM613AMJ/883 
(Note 14) 

— 


LM613AME/883 
(Note 14) 

— 

±2.0% 

150 ppm/°C Max. 

LM613MN 

LM613IN 

Vqs ^ mV Max. 

— 

LM613IWM 



Package 

NSC 

Drawing 

16-Pin 
Molded DIP 

N16E 

16-Pin 

Ceramic DIP 

J16A 

20-Pin 

LCC 

E20A 

16-Pin 
Molded DIP 

N16E 

1 6-Pin Wide 
Surface Mount 

M16B 
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Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, Thermal Resistance, Junction-to-Ambient (Note 5) 

please contact the National Semiconductor Sales N Package 100°C/W 

Office/Distributors for availability and specifications. WM Package 1 50°C/W 

Voltage on Any Pin Except Vr (referred to V” pin) Soldering Information (10 Seconds) 

(Note 2) 36V (Max) N Package 260°C 

(Note 3) -0.3V (Min) WM Package 220°C 

Current through Any Input Pin & Vr Pin ± 20 mA ESD T olerance (Note 6) ± 1 kV 

Differential Input Voltage . 

Military and industrial ±36v Operating T emperature Range 

Commercial ±32V LM613AI, LM613BI -40°Cto+85°C 

Storage Temperature Range -65°C ^ Tj ^ +150°C LM613AM, LM613M -55°Cto +125°C 

Maximum Junction Temperature (Note 4) 1 50°C LM613C 0°C ^ T j ^ + 70°C 

Electrical Characteristics These specifications apply for V- = GND = 0 V, V+ = 5V, Vcm = Vout = 2.5V, 

Ir = 100 julA, FEEDBACK pin shorted to GND, unless otherwise specified. Limits in standard typeface are for Tj = 25°C; limits 

in boldface type apply over the Operating Temperature Range. 

Symbol 

Parameter 

Conditions 

Typical 
(Note 7) 

LM613AM 

LM613AI 
Limits 
(Note 8) 

LM613M 

LM613I 

LM613C 
Limits 
(Note 8) 

Units 

Is 

Total Supply Current 

Rload = 00 . 

4V S V+ ^ 36V (32V for LM613C) 

450 

550 

940 

lOOO 

1000 

1070 

/xA (Max) 
jlxA (Max) 

Vs 

Supply Voltage Range 


2.2 

2.9 

2.8 

3 

2.8 

3 

V (Min) 

V (Min) 

46 

43 

36 

36 

32 

32 

V (Max) 

V (Max) 

OPERATIONAL AMPLIFIERS 

Vosi 

Vos Over Supply 

4V <; V+ £ 36V 

(4V <: V+ <: 32V for LM613C) 

1.5 

2.0 

3.5 

6.0 

5.0 

7.0 

mV (Max) 
mV (Max) 

VOS2 

Vos Over V C M 

Vcm = 0V through Vcm = 

(V+ - 1.8V), V+ = 30V, V- = 0V 

1.0 

1.5 

3.5 

6.0 

5.0 

7.0 

mV (Max) 
mV (Max) 

VOS3 

AT 

Average Vos Drift 

(Note 8) 

15 



/xV/ 0 C 

(Max) 

•b 

Input Bias Current 


10 

11 

25 

30 

35 

40 

nA (Max) 
nA (Max) 

los 

Input Offset Current 


0.2 

0.3 

4 

5 

4 

5 

nA (Max) 
nA (Max) 

losi 

AT 

Average Offset Current 


4 



pA/°C 

Rin 

Input Resistance 

Differential 

1000 



Mft 

C|N 

Input Capacitance 

Common-Mode 

6 



PF 

e n 

Voltage Noise 

f = 100 Hz, Input Referred 

74 



nV/i/Hz 

In 

Current Noise 

f = 100 Hz, Input Referred 

58 



fA/^Hz 

CMRR 

Common-Mode 

Rejection Ratio 

v+ = 30V, ov <; v C m ^ (V+ - 1.8V) 
CMRR = 20 log (AV CM /AVos) 

95 

90 

80 

75 

75 

70 

dB (Min) 
dB (Min) 

PSRR 

Power Supply 

Rejection Ratio 

4V <; V+ £ 30V, Vcm = V+/2, 

PSRR = 20 log (AV+/Vos) 

110 

100 

80 

75 

75 

70 

dB (Min) 
dB (Min) 

A V 

Open Loop 

Voltage Gain 

R L = 10 kn to GND, V+ = 30V, 

5V £ V 0 UT £ 25V 

500 

50 

100 

40 

94 

40 

V/mV 

(Min) 
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Electrical Characteristics These specifications apply for V~ = GND = OV, V+ = 5V, Vcm = Vout 
Ir = 100 jliA, FEEDBACK pin shorted to GND, unless otherwise specified. Limits in standard typeface are for Tj = 25° 
in boldface type apply over Operating Temperature Range. (Continued) 


= 2.5V, 
C; limits 


Symbol Parameter Conditi 

OPERATIONAL AMPLIFIERS (Continued) 

SR Slew Rate V + = 30V (Note 9) 

GBW Gain Bandwidth Cl = 50 pF 


LM613AM 
Typical LM613AI 

(Note 7) Limits 

(Note 8) 




COMPARATORS 


v os Offset Voltage 


Offset Voltage 

over V C M 


Average Offset 
Voltage Drift 


Input Bias Current 
Input Offset Current 
Voltage Gain 


Large Signal 
Response Time 


Output Sink Current 


•leak Output Leakage 
Current 


4V <; V+ ^ 36V (32V for LM613C), 
R L = 15 kn 

ov <; v C m ^ 36V 

V+ = 36V, (32V for LM613C) 


R L = 10 kH to 36V (32V for LM613C) 
2V <; Vqut ^ 27V 


V+in = 1.4V, V“ in = TTL Swing, 
R l = 5.1 kH 


V+IN = 0V, V-| N = iv, 

Vqut = 1-5V 

Vout = o.4V 

V+IN 1V,V-| N = 0V, 

Vqut = 36V (32V for LM61 3C) 


LM613M 
LM613I 
LM613C 
Limits 
(Note 8) 


Output Sink Current 

V OUT = 1.6V,V+| N = 0V, 

V-| N = 0.3V 

17 

9 

Short Circuit Current 

Vout = ov,v+, N = 3 V, 

30 


V-|N = 2V 

40 


Vout = 5 V, v+in = 2 V, 

30 


V - in = 3V 

32 
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Electrical Characteristics These specifications apply for V - = GND = OV, V+ = 5 V, Vcm = Vqut = 2.5V, 
Ir = 100 jmA, FEEDBACK pin shorted to GND, unless otherwise specified. Limits in standard typeface are for Tj = 25°C; limits 

in boldface type apply over Operating Temperature Range. (Continued) 


Symbol 

Parameter 

Conditions 

Typical 
(Note 7) 

LM613AM 
LM613AI 
Limits 
(Note 8) 

LM613M 
LM613I 
LM613C 
Limits 
(Note 8) 

Units 

VOLTAGE REFERENCE | 

Vr 

Voltage Reference 

(Note 10) 

1.244 

1.2365 

1.2515 

(±0.6%) 

1.2191 

1.2689 

(±2%) 

V (Min) 

V (Max) 

AVr 

AT 

Average Temp. Drift 

(Note 11) 

10 

80 

150 

ppm/°C 

(Max) 

AVr 

ATj 

Hysteresis 

(Note 12) 

3.2 



ju ,V/°C 

AVr 

AIr 

Vr Change 
with Current 

VR(l00p,A) “ V R ( 17jllA ) 

0.05 

0.1 

1 

1.1 

1 

1.1 

mV (Max) 
mV (Max) 

Vr(io mA) ~ Vrciqo^A) 

(Note 13) 

1.5 

2.0 

5 

5.5 

5 

5.5 

mV (Max) 
mV (Max) 

R 

Resistance 

AV R (io 0.1 rnA/9-9 mA 
AVr(ioo -► 17 m,A)/83 A 

0.2 

0.6 

0.56 

13 

0.56 

13 

ft (Max) 
ft (Max) 

Vr 

AVrq 

Vr Change 
with High Vrq 

VR(Vro = Vr) “ VR(Vro = 6.3V) 
(5.06V between Anode and 
FEEDBACK) 

2.5 

2.8 

7 

10 

7 

10 

mV (Max) 
mV (Max) 

Vr 

AV+ 

Vr Change with 
Vanode Change 

V R(V+ = 5V)~ V R(V+ = 36V) 
(V+ = 32V for LMo13C) 

0.1 

0.1 

1.2 

1.3 

1.2 

1.3 

mV (Max) 
mV (Max) 

V R(V+ = 5V) ~ V R(V+ = 3V) 

0.01 

0.01 

1 

1.5 

1 

1.5 

mV (Max) 
mV (Max) 

•fb 

FEEDBACK Bias 
Current 

Vanode ^ V F b ^ 5.06V 

22 

29 

35 

40 

50 

55 

nA (Max) 
nA (Max) 

e n 

Vr Noise 

10 Hz to 10 kHz, 

Vro = Vr 

30 



M-Vrms 


Note 1: Absolute maximum ratings indicate limits beyond which damage to the component may occur. Electrical specifications do not apply when operating the 
device beyond its rated operating conditions. 

Note 2: Input voltage above V + is allowed. As long as one input pin voltage remains inside the common-mode range, the comparator will deliver the correct output. 
Note 3: More accurately, it is excessive current flow, with resulting excess heating, that limits the voltages on all pins. When any pin is pulled a diode drop below 
V~, a parasitic NPN transistor turns ON. No latch-up will occur as long as the current through that pin remains below the Maximum Rating. Operation is undefined 
and unpredictable when any parasitic diode or transistor is conducting. 

Note 4: Simultaneous short-circuit of multiple comparators while using high supply voltages may force junction temperature above maximum, and thus should not 
be continuous. 

Note 5: Junction temperature may be calculated using Tj = Ta + Pd 0ja- The given thermal resistance is worst-case for packages in sockets in still air. For 
packages soldered to copper-clad board with dissipation from one comparator or reference output transistor, nominal 0 ja is 90°C/W for the N package, and 
135°C/W for the WM package. 

Note 6: Human body model, 100 pF discharged through a 1.5 kSl resistor. 

Note 7: Typical values in standard typeface are for Tj = 25°C; values in bold face type apply for the full operating temperature range. These values represent the 
most likely parametric norm. 

Note 8: All limits are guaranteed at room temperature (standard type face) or at operating temperature extremes (bold type face). 

Note 9: Slew rate is measured with the op amp in a voltage follower configuration. For rising slew rate, the input voltage is driven from 5V to 25V, and the output 
voltage transition is sampled at 10V and @ 20V. For falling slew rate, the input voltage is driven from 25V to 5V, and the output voltage transition is sampled at 20V 
and 10V. 

Note 10: Vr is the Cathode-to-feedback voltage, nominally 1 .244V. 

Note 11: Average reference drift is calculated from the measurement of the reference voltage at 25°C and at the temperature extremes. The drift, in ppm/°C, is 
10 6 *AVr/(Vr[25°c]*ATj), where AVr is the lowest value subtracted from the highest, V R [ 2 5 °c] is the value at 25°C, and ATj is the temperature range. This 
parameter is guaranteed by design and sample testing. 

Note 12: Hysteresis is the change in Vr caused by a change in Tj, after the reference has been “dehysterized”. To dehysterize the reference; that is minimize the 
hysteresis to the typical value, its junction temperature should be cycled in the following pattern, spiraling in toward 25°C; 25°C, 85°C, -40°C, 70°C, 0°C, 25°C. 
Note 13: Low contact resistance is required for accurate measurement. 

Note 14: A military RETS 613AMX electrical test specification is available on request. The Military screened parts can also be procured as a Standard Military 
Drawing. 
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Typical Performance Characteristics (Reference) 

Tj = 25°C, FEEDBACK pin shorted to V~ = OV, unless otherwise noted 


Reference Voltage vs Temp. 



JUNCTION TEMPERATURE (C) 


Reference Voltage Drift 
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Accelerated Reference 
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Reference Voltage vs 
Current and Temperature 


Reference Voltage vs 
Current and Temperature 
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Reference Voltage vs 
Reference Current 
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Reference AC 
Stability Range 
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FEEDBACK Current vs 
FEEDBACK-to-Anode Voltage 
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ANODE - TO - FEEDBACK VOLTAGE (V) 


FEEDBACK Current vs 
FEEDBACK-to-Anode Voltage 



ANODE -TO -FEEDBACK VOLTAGE (V) 


Reference Noise Voltage 
vs Frequency 



Reference Small-Signal 
Resistance vs Frequency 



FREQUENCY (kHz) 
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Large-Signal Output Voltage Swing 



-60-40-20 0 20 40 60 80 100120140 


JUNCTION TEMPERATURE (C) 
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TIME (ms) 


TL/H/9226-7 






NOISE VOLTAGE (nVrms//Hz) IMPEDANCE (a) OUTPUT CURRENT (mA) 


Typical Performance Characteristics (Op Amps) (Continued) 

V+ = 5V, V- = GND = OV, V C M = V+/2, Vqut = V+/2, Tj = 25°C, unless otherwise noted 


Output Source Current vs 
Output Voltage and Temp. 


1 -3 -2 -1 V 
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Output Sink Current vs 
Output Voltage 


0 1 2 3 28 29 30 

r v 4, 

OUTPUT VOLTAGE (V) 


Output Swing, 
Large Signal 


30 1— rrr 

« 

llllllll 

miiiii 

SUM 

llllllll 


III III II 


iiiiii 

mm 

ihhI 


HIM 

■11 

| « 

iiiispi 


10 100 
FREQUENCY (kHz) 


Output Impedance vs 
Frequency and Gain 
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Small Signal Pulse 
Response vs Temp. 
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Small-Signal Pulse 
Response vs Load 


Op Amp Voltage Noise 
vs Frequency 


FREQUENCY (Hz) 


Op Amp Current Noise 
vs Frequency 


Small-Signal Voltage Gain vs 
Frequency and Temperature 
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Small-Signal Voltage Gain 
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f§ Typical Performance Characteristics (Op Amps) (Continued) 

-j V+ = 5V, V- = GND = OV, V C M = V+/2, Vqut = V+/2, Tj = 25°C, unless otherwise noted 


Power Supply Current 
vs Power Supply Voltage 



0 1 2 3 4 5 10 20 30 40 50 60 

TOTAL SUPPLY VOLTAGE (V) 


Positive Power Supply 
Voltage Rejection Ratio 
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Voltage Rejection Ratio 
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Slew Rate vs Temperature 
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Input Offset Current vs 
Junction Temperature 



-2000 
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Input Bias Current vs 
Junction Temperature 
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Typical Performance Characteristics (Comparators) 

Inp 

Output Sink Current Co 



Input Bias Current vs 
Common-Mode Voltage 


125°C 

25°C 


0.0 0.5 1.0 1 J5 2.0 2.5 3.0 

OUTPUT VOLTAGE (V) 
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INPUT VOLTAGE REFERRED TO V" (V) 

TL/H/9226-11 
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Typical Performance Characteristics (Comparators) (Continued) 


Comparator 

Response Times — Inverting 
Input, Positive Transition 
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Typical Performance Characteristics (Comparators) (Continued) 


Comparator 

Response Times — Non-Inverting 
Input, Positive Transition 



Comparator 

Response Times — Non-Inverting 
Input, Negative Transition 



0 02 04 0.6 0.8 IjO 1 2 U 1.6 1,8 


Time (/xs) 


TL/H/9226-18 
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Typical Performance Distributions 


Average Vos Drift 
Military Temperature Range 



Vos DRIFT (mV/C) 

TL/H/9226-20 


Average Vos Drift 
Commercial Temperature Range 



TL/H/9226-22 


Average Vos Drift 
Industrial Temperature Range 



Vos DRIFT (mV/C) 

TL/H/9226-21 


Average los Drift 
Military Temperature Range 



los DRIFT (pA/C) 

TL/H/9226-23 
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Typical Performance Distributions (Continued) 


Average los Drift 
Industrial Temperature Range 



TL/H/9226-24 


Op Amp Voltage 
Noise Distribution 



VOLTAGE NOISE (nV RMS /VHz) 

TL/H/9226-27 


Average los Drift 
Commercial Temperature Range 



TL/H/9226-25 


Op Amp Current 
Noise Distribution 
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Voltage Reference Broad-Band 
Noise Distribution 



VOLTAGE NOISE (/iV RMS ) 

TL/H/9226-26 


Application Information 

VOLTAGE REFERENCE 
Reference Biasing 

The voltage reference is of a shunt regulator topology that 
models as a simple zener diode. With current l r flowing in 
the “forward” direction there is the familiar diode transfer 
function. I r flowing in the reverse direction forces the refer- 
ence voltage to be developed from cathode to anode. The 
cathode may swing from a diode drop below V - to the ref- 
erence voltage or to the avalanche voltage of the parallel 
protection diode, nominally 7V. A 6.3V reference with V+ = 
3V is allowed. 



TL/H/9226-29 

FIGURE 1. Voltage Associated with Reference 
(current source l r is external) 
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Application Information (Continued) 

The reference equivalent circuit reveals how V r is held at 
the constant 1 .2V by feedback, and how the FEEDBACK pin 
passes little current. 

To generate the required reverse current, typically a resistor 
is connected from a supply voltage higher than the refer- 
ence voltage. Varying that voltage, and so varying l r , has 
small effect with the equivalent series resistance of less 
than an ohm at the higher currents. Alternatively, an active 
current source, such as the LM134 series, may generate l r . 
Cathode 



TL/H/9226-32 

FIGURE 4. Thevenin Equivalent of Reference 
with 5V Output 



j 

rr; 

r 




Anode = V- 

TL/H/9226-30 

FIGURE 2. Reference Equivalent Circuit 


>J| = 32mA 


1 3.76V > R2 
y, 1 H8k 


1 00 fxk 38K 


Vro = Vr = 1 .2Vl 


TL/H/9226-31 

FIGURE 3. 1.2V Reference 


Capacitors in parallel with the reference are allowed. See 
the Reference AC Stability Range typical curve for capaci- 
tance values— from 20 juA to 3 mA any capacitor value is 
stable. With the reference’s wide stability range with resis- 
tive and capacitive loads, a wide range of RC filter values 
will perform noise filtering. 

Adjustable Reference 

The FEEDBACK pin allows the reference output voltage, 
V ro , to vary from 1 .24V to 6.3V. The reference attempts to 
hold V r at 1.24V. If V r is above 1.24V, the reference will 
conduct current from Cathode to Anode; FEEDBACK cur- 
rent always remains low. If FEEDBACK is connected to An- 
ode, then V r0 = V r = 1 .24V. For higher voltages FEED- 
BACK is held at a constant voltage above Anode— say 
3.76V for V ro = 5V. Connecting a resistor across the cons- 
tant V r generates a current l = R1/V r flowing from Cathode 
into FEEDBACK node. A Thevenin equivalent 3.76V is gen- 
erated from FEEDBACK to Anode with R2= 3.76/1. Keep I 
greater than one thousand times larger than FEEDBACK 
bias current for <0.1% error— 1^32 /xA for the military 
grade over the military temperature range (1 ^ 5.5 jxA for a 
1% untrimmed error for a commercial part). 


R1 = Vr/I = 1.24/32jm = 39k 

R2 = R1 {(Vro/Vr) - 1} = 39k {(5/1.24) - 1)} = 118k 

FIGURE 5. Resistors R1 and R2 Program Reference 
Output Voltage to be 5V 

Understanding that V r is fixed and that voltage sources, re- 
sistors, and capacitors may be tied to the FEEDBACK pin, a 
range of V r temperature coefficients may be synthesized. 


0 ~ LARGE 
NEGATIVE 
EXPONENTIAL TC 


TL/H/9226-34 

FIGURE 6. Output Voltage has Negative Temperature 
Coefficient (TC) if R2 has Negative TC 




POSITIVE 
EXPONENTIAL TC 


TL/H/9226-35 

FIGURE 7. Output Voltage has Positive TC 
if R1 has Negative TC 
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Application Information (Continued) 



FIGURE 8. Diode in Series with R1 Causes Voltage 
Across R1 and R2 to be Proportional to Absolute 
Temperature (PTAT) 

Connecting a resistor across Cathode-to-FEEDBACK cre- 
ates a 0 TC current source, but a range of TCs may be 
synthesized. 


v 



v 


TL/H/9226-37 

I = Vr/R1 = 1.24/R1 

FIGURE 9. Current Source is Programmed by R1 



TL/H/9226-38 

FIGURE 10. Proportional-to-Absolute-Temperature 
Current Source 


v 



V 

TL/H/9226-39 

FIGURE 11. Negative-TC Current Source 


Reference Hysteresis 

The reference voltage depends, slightly, on the thermal his- 
tory of the die. Competitive micro-power products vary — 
always check the data sheet for any given device. Do not 
assume that no specification means no hysteresis. 
OPERATIONAL AMPLIFIERS AND COMPARATORS 
Any amp, comparator, or the reference may be biased in 
any way with no effect on the other sections of the LM613, 
except when a substrate diode conducts (see Electrical 
Characteristics Note 1 ). For example, one amp input may be 
outside the common-mode range, another amp may be op- 
erating as a comparator, and all other sections may have all 
terminals floating with no effect on the others. Tying invert- 
ing input to output and non-inverting input to V - on unused 
amps is preferred. Unused comparators should have non-in- 
verting input and output tied to V+, and inverting input tied 
to V - . Choosing operating points that cause oscillation, 
such as driving too large a capacitive load, is best avoided. 
Op Amp Output Stage 

These op amps, like the LM124 series, have flexible and 
relatively wide-swing output stages. There are simple rules 
to optimize output swing, reduce cross-over distortion, and 
optimize capacitive drive capability: 

1 ) Output Swing: Unloaded, the 42 jjlA pull-down will bring 
the output within 300 mV of V - over the military temper- 
ature range. If more than 42 jliA is required, a resistor 
from output to V~ will help. Swing across any load may 
be improved slightly if the load can be tied to V+ , at the 
cost of poorer sinking open-loop voltage gain. 

2) Cross-Over Distortion: The LM61 3 has lower cross-over 
distortion (a 1 Vbe deadband versus 3 Vbe for the 
LM124), and increased slew rate as shown in the char- 
acteristic curves. A resistor pull-up or pull-down will force 
class-A operation with only the PNP or NPN output tran- 
sistor conducting, eliminating cross-over distortion. 

3) Capacitive Drive: Limited by the output pole caused by 
the output resistance driving capacitive loads, a pull- 
down resistor conducting 1 mA or more reduces the out- 
put stage NPN r e until the output resistance is that of the 
current limit 25(1. 200 pF may then be driven without 
oscillation. 

Comparator Output Stage 

The comparators, like the LM139 series, have open-collec- 
tor output stages. A pull-up resistor must be added from 
each output pin to a positive voltage for the output transistor 
to switch properly. When the output transistor is OFF, the 
output voltage will be this external positive voltage. 

For the output voltage to be under the TTL-low voltage 
threshold when the output transistor is ON, the output cur- 
rent must be less than 8 mA (over temperature). This im- 
pacts the minimum value of pull-up resistor. 

The offset voltage may increase when the output voltage is 
low and the output current is less than 30 ju,A. Thus, for best 
accuracy, the pull-up resistor value should be low enough to 
allow the output transistor to sink more than 30 juA. 

Op Amp and Comparator Input Stage 
The lateral PNP input transistors, unlike those of most op 
amps, have BVebo equal to the absolute maximum supply 
voltage. Also, they have no diode clamps to the positive 
supply nor across the inputs. These features make the in- 
puts look like high impedances to input sources producing 
large differential and common-mode voltages. 
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Typical Applications (Continued) 



TL/H/9226-44 


FIGURE 16. Basic Comparator 



FIGURE 17. Basic Comparator with External Strobe 



Comparator with TTL Output 



TL/H/9226-47 


FIGURE 19. Comparator with 
Hysteresis (A V H = +V(1k/1M)) 
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LM615 Quad Comparator and Adjustable Reference 


General Description 

The comparators have an input range which extends to the 
negative supply, and have open-collector outputs. Improved 
over the LM139 series, the input stages of the comparators 
have lateral PNP input transistors which enable low input 
currents for large differential input voltages and swings 
above V+. 

The voltage reference is a three-terminal shunt-type band- 
gap, and is referred to the V" terminal. Two resistors pro- 
gram the reference from 1.24V to 6.3V, with accuracy of 
±0.6% available. The reference features operation over a 
shunt current range of 1 7 jutA to 20 mA, low dynamic imped- 
ance, broad capacitive load range, and cathode terminal 
voltage ranging from a diode-drop below V - to above V + . 
As a member of National’s Super-Block™ family, the 
LM61 5 is a space-saving monolithic alternative to a multi- 
chip solution, offering a high level of integration without sac- 
rificing performance. 


Features 

COMPARATORS 

■ Low operating current 

■ Wide supply voltage range 

■ Open-collector outputs 

■ Input common-mode range 

■ Wide differential input voltage 

REFERENCE 

■ Adjustable output voltage 

■ Tight initial tolerance available 

■ Wide operating current range 

■ Tolerant of load capacitance 

Applications 

■ Adjustable threshold detector 

■ Time-delay generator 

■ Voltage window comparator 

■ Power supply monitor 

■ RGB level detector 


600 ]mA 
4V to 36V 

V- to (V+ - 1.8V) 
±36V 

1.24V to 6.3V 
±0.6% (25°C) 
17 julA to 20 mA 


Connection Diagram 


M Package 


FEEDBACK 
REFERENCE 
OUTPUT V R0 


TL/H/1 1057-24 

Top View 



Ordering Information 


N Package 



v- 


REFERENCE 
OUTPUT V R0 

TL/H/1 1057-1 


For information about surface-mount packaging of this device, please contact the 
Analog Product Marketing group at National Semiconductor Corp. headquarters. 


Reference 

Tolerances 

Temperature Range 

Package 

NSC 

Package Number 

Military 

-55°C <:Tj <: +125°C 

Industrial 

— 40°C ^ Tj <; +85°C 

± 0.6% at 25°C, 

80 ppm/°C max 

LM615AMN 

LM615AIN 

16-Pin 
Molded DIP 

N16A 

LM615AMJ/883 
(Note 13) 


16-Pin 

Ceramic DIP 

J16A 

± 2.0% at 25°C, 

150 ppm/°C max 

LM615MN 

LM615IN 

16-Pin 
Molded DIP 

N16A 


LM615IM 

1 6-Pin Narrow 
Surface Mount 

M16A 
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Absolute Maximum Ratings (Note d 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Voltage on Any Pin Except Vro 
(referred to V-pin) 

(Note 2) 36V (Max) 

(Note 3) -0.3V (Min) 

Current through Any Input Pin 
and Vrq Pin ± 20 mA 

Differential Input Voltage ± 36V 

Output Short-Circuit Duration (Note 4) 

Storage Temperature Range -65°C ^ Tj ^ + 150°C 


Maximum Junction Temperature 1 50°C 

Thermal Resistance, Junction-to-Ambient (Note 5) 

N Package 95°C/W 

Soldering Information 

N Package Soldering (1 0 seconds) 260°C 

ESD Tolerance (Note 6) ± 1 kV 

Operating Temperature Range 

LM615AI, LM615I -40”C <; Tj S + 85°C 

LM61 5A, LM615M - 55“C <: Tj <: + 1 25“C 


Electrical Characteristics 

These specifications apply for V - = GND = 0V, V+ 


5V, V C m = Vqut = V+/2, l R = 100 j*A, FEEDBACK pin shorted to 


GND, unless otherwise specified. Limits in standard typeface are for Tj 

Operating Temperature Range. 


25°C; limits in boldface type apply over the 


Symbol 


COMPARATORS 


Conditions 


is 

Total Supply Current 

V + Current, Rload = 00 , 

3V ^ V + ^ 36V 

Vos 

Offset Voltage over 
V+ Range 

4V<; V+ <^36V,R l = 15 kn 

Vos 

Offset Voltage over 
Vcm Range 

0V <: V CM £ (V+-1.8V) 

V+ = 30V, R l = 15kfi 

AVos 

AT 

Average Offset 
Voltage Drift 


•b 

Input Bias Current 


•os 

Input Offset Current 


A V 

Voltage Gain 

R l = 1 0 kH to 36V, 

2 V ^ V 0 UT ^ 27V 

tR 

Large Signal 
Response Time 

V+, N = 1.4V, V_, N = TTL 
Swing, R|_ = 5.1 k ft 

•sink 

Output Sink Current 

< 

+ 

z 

II 

0 
< 

< 

1 

z 

II 

< 


Output Leakage 
Current 


V+ IN — IV, V_| N = 0V, 
Vqut = 36V 


Typical 
(Note 7) 


LM615AM 
LM615AI 
Limits 
(Note 8) 


LM615M 
LM615I 
Limits 
(Note 8) 


250 

550 

600 

fxA max 

350 

600 

650 

julA max 

1.0 

3.0 

5.0 

mV max 

2.0 

6.0 

7.0 

mV max 

1.0 

3.0 

5.0 

mV max 

1.5 

6.0 

7.0 

mV max 

15 



juV/°C 

-5 

25 

35 

nA max 

-8 

30 

40 

nA max 

0.2 

4 

4 

nA max 

0.3 

5 

5 

nA max 

500 

50 

50 

V/mV 




min 

100 



V/mV 

1.5 



/xS 

2.0 



JULS 

20 

10 

10 

mA min 

13 

8 

8 

mA min 

2.8 

1.0 

0.8 

mA min 

2.4 

0.5 

0.5 

mA min 

0.1 

10 

10 

julA max 

0.2 



jaA 
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Electrical Characteristics 

These specifications apply for V - = GND = OV, V+ = 5V, Vqm = Vout = V+/2, Ir = 100 jaA, FEEDBACK pin shorted to 
GND, unless otherwise specified. Limits in standard typeface are for Tj = 25°C; limits in boldface type apply over the 

Operating Temperature Range. (Continued) 






LM615AM 

LM615M 


Symbol 

Parameter 

Conditions 

Typical 
(Note 7) 

LM615AI 

Limits 

LM615I 

Limits 

Units 





(Note 8) 

(Note 8) 



VOLTAGE REFERENCE (Note 9) 


Vr 

Reference 


1.244 

1.2365 

1.2191 

V min 


Voltage 



1.2515 

1.2689 

V max 





(±0.6%) 

(±2%) 


AVr 

Average Drift 

(Note 10) 

18 

80 


ppm/°C 

AT 

with Temperature 


max 

AVr 

Average Drift 

Tj = 40°C 

400 



ppm/kH 

kH 

with Time 

Tj = 150°C 

1000 



ppm/kH 

AVr 

ATj 

Hysteresis 

(Note 11) 

3.2 




AVr 

Vr Change 

VR[100/xA] “ VR[ 17jbl A] 

0.05 

1 

jpg 

mV max 

AIr 

with Current 


0.1 

1.1 


mV max 



Vr[ 10 mA] - Vr[iqo juA] 

1.5 


mi 

mV max 



(Note 12) 

2.0 



mV max 

R 

Resistance 

AVr [ io mA to 0.1 mA]/9-9 m A 


0.56 


fi max 



AVr[ioo jmAto 17 ju,A]/83 /xA 

HI 

13 


H max 

AVr 

Vr Change 

V R[Vro = Vr] ~ Vr[V R0 = 6.3V] 


5 


mV max 

A Vro 

with Vro 



10 


mV max 

AVr 

Vr Change 

Vr[V+ = 5VJ ~ Vr[ V + = 36V] 


1.2 


mV max 

AV+ 

withV+ Change 


IBB 

1.3 


mV max 



Vr[V+ = 5V] ~ Vr[ V + = 3V] 



mm 

mV max 






MBm 

mV max 

Ifb 

FEEDBACK 

V- <: V FB ^ 5.06V 

22 

35 

50 

nA max 


Bias Current 


29 

40 

55 

nA max 

©n 


BW = 1 0 Hz to 1 0 kHz 

30 



M-Vrms 


Note 1: Absolute maximum ratings indicate limits beyond which damage to the component may occur. Electrical specifications do not apply when operating the 
device beyond its rated operating conditions. 

Note 2: Input voltage above V+ is allowed. As long as one input pin voltage remains inside the common-mode range, the comparator will deliver the correct output. 
Note 3: More accurately, it is excessive current flow, with resulting excess heating, that limits the voltages on all pins. When any pin is pulled a diode drop below 
V~, a parasitic NPN transistor turns ON. No latch-up will occur as long as the current through that pin remains below the Maximum Rating. Operation is undefined 
and unpredictable when any parasitic diode or transistor is conducting. 

Note 4: Shorting an Output to V~ will not cause power dissipation, so it may be continuous. However, shorting an Output to any more positive voltage (including 
V + ), will cause 80 mA (typ.) to be drawn through the output transistor. This current multiplied by the applied voltage is the power dissipation in the output transistor. 
If the total power from all shorted outputs causes the junction temperature to exceed 150°C, degraded reliability or destruction of the device may occur. To 
determine junction temperature, see Note 5. 

Note 5: Junction temperature may be calculated using Tj = Ta + Pd #ja- The given thermal resistance is worst-case for packages in sockets in still air. For 
packages soldered to copper-clad board with dissipation from one comparator or reference output transistor, nominal 0 ja is 80 °C/W for the N package. 

Note 6: Human body model, 100 pF discharge through a 1.5 kn resistor. 

Note 7: Typical values in standard typeface are for Tj = 25°C; values in boldface type apply for the full operating temperature range. These values represent the 
most likely parametric norm. 

Note 8: All limits are guaranteed for Tj = + 25°C (standard type face) or over the full operating temperature range (bold typo face). 

Note 9: Vro is the reference output voltage, which may be set for 1.2V to 6.3V (see Application Information). Vr is the VRQ-to-FEEDBACK voltage (nominally 
1.244V). 

Note 10: Average reference drift is calculated from the measurement of the reference voltage at 25°C and at the temperature extremes. The drift, in ppm/°C, is 
106 • AVr/Vr[ 25 «c] • ATj, where AVr is the lowest value subtracted from the highest, Vr[ 25 «c] is the value at 25°C, and ATj is the temperature range. This 
parameter is guaranteed by design and sample testing. 

Note 11: Hysteresis is the change in Vro caused by a change in Tj, after the reference has been “dehysterized.” To dehysterize the reference; that is minimize the 
hysteresis to the typical value, its junction temperature should be cycled in the following pattern, spiraling in toward 25°C: 25°C, 85°C, -40°C, 70°C, 0°C, 25°C. 
Note 12: Low contact resistance is required for accurate measurement. 

Note 13: A military RETS electrical test specification is available on request. The LM615AMJ/883 may also be procured as a Standard Military Drawing. 
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Simplified Schematic Diagrams 



Reference Bias 
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Typical Performance Characteristics (Reference) (Continued) 

Tj = 25°C, FEEDBACK pin shorted to V - = OV, unless otherwise noted. 


Reference 
Power-Up Time 


Reference Voltage 
with FEEDBACK 
Voltage Step 


Reference Voltage 
with 100 ~ 12 juA 
Current Step 



100 200 300 400 

TIME (ms) 
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0 100 200 300 400 500 600 700 
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Reference Step Response 
for 100 ijl ~ 10 mA 
Current Step 
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Reference Voltage 
Change with Supply 
Voltage Step 




100 200 300 400 500 600 700 
TIME (ms) 


2 3 4 

TIME (ms) 


Typical Performance Characteristics (Comparators) 

Tj = 25°C, V+ = 5V, V~ = 0V, unless otherwise noted 


Supply Current 
vs Supply Voltage 
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Input Current vs 
Differential Input Voltage 
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TL/H/ 11057-6 
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Typical Performance Characteristics (Comparators) (continued) 


Output Saturation 
Voltage vs Sink Current 


Small-Signal Response 
Times— Inverting Input, 
Negative Transition 
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Small-Signal Response 
Times— Inverting Input, 
Positive Transition 
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Application Information 

VOLTAGE REFERENCE 
Reference Biasing 

The voltage reference is of a shunt regulator topology that 
models as a simple zener diode. With current l r flowing in 
the “forward” direction there is the familiar diode transfer 
function. I r flowing in the reverse direction forces the refer- 
ence voltage to be developed from cathode to anode. The 
cathode may swing from a diode drop below V - to the ref- 
erence voltage or to the avalanche voltage of the parallel 
protection diode, nominally 7V. A 6.3V reference with V+ = 
3V is allowed. 


17/tA<lr<20mA 


Cathod 


1.2<Vro<6.3Vi 


& 

Vr 


Vr= 1.2V 

FEEDBACK 

0~5'1V 


Anoda committed to V “ 


TL/H/1 1057-9 

FIGURE 1. Voltage Associated with Reference 
(Current Source l r is External) 

The reference equivalent circuit reveals how V r is held at 
the constant 1 .2V by feedback, and how the FEEDBACK pin 
passes little current. 

To generate the required reverse current, typically a resistor 
is connected from a supply voltage higher than the refer- 
ence voltage. Varying that voltage, and so varying l r , has 
small effect with the equivalent series resistance of less 
than an ohm at the higher currents. Alternatively, an active 
current source, such as the LM134 series, may generate l r . 



TL/H/1 1057-10 

FIGURE 2. Reference Equivalent Circuit 


5V 



Capacitors in parallel with the reference are allowed. See 
the Reference AC Stability Range typical curve for capaci- 
tance values — from 20 juA to 3 mA any capacitor value is 
stable. With the reference’s wide stability range with resis- 
tive and capacitive loads, a wide range of RC filter values 
will perform noise filtering. 

Adjustable Reference 

The FEEDBACK pin allows the reference output voltage, 
V ro , to vary from 1 .24V to 6.3V. The reference attempts to 
hold V r at 1.24V. If V r is above 1.24V, the reference will 
conduct current from Cathode to Anode; FEEDBACK cur- 
rent always remains low. If FEEDBACK is connected to An- 
ode, then V ro = V r = 1.24V. For higher voltages FEED- 
BACK is held at a constant voltage above Anode — say 
3.76V for V ro = 5V. Connecting a resistor across the con- 
stant V r generates a current I = R1 /V r flowing from Cath- 
ode into FEEDBACK node. A Thevenin equivalent 3.76V is 
generated from FEEDBACK to Anode with R2 = 3.76/1. 
Keep I greater than one thousand times larger than FEED- 
BACK bias current for <0.1 % error— -I ^ 32 juA for the mili- 
tary grade over the military temperature range (I ^ 5.5 juA 
for a 1% untrimmed error for an industrial temperature 
range part). 



TL/H/1 1057-12 

FIGURE 4. Thevenin Equivalent of 
Reference with 5V Output 


R1 

R2 



R1 

39k 

1 1 = 32 |iA 

R2 

118k 


TL/H/1 1057-13 


V r /I = 1.24/32/* = 39k 

R1 [(V ro /V r ) - 1] = 39k [(5/1.24) - 1] = 118k 

FIGURE 5. Resistors R1 and R2 Program 
Reference Output Voltage to be 5V 
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Application Information (Continued) 

Understanding that V r is fixed and that voltage sources, re- 
sistors, and capacitors may be tied to the FEEDBACK pin, a 
range of V r temperature coefficients may be synthesized. 


Connecting a resistor across VRo-to-FEEDBACK creates a 
0 TC current source, but a range of TCs may be synthe- 
sized. 


0 ~ LARGE 
NEGATIVE 
EXPONENTIAL TC 



£1+ 17>tA 



FIGURE 6. Output Voltage has Negative Temperature 
Coefficient (TC) if R2 has Negative TC 


I - V r /R1 - 1.24/R1 

FIGURE 9. Current Source is Programmed by R1 



POSITIVE 
EXPONENTIAL TC 


FIGURE 7. Output Voltage has Positive TC 
if R1 has Negative TC 



TL/H/1 1057-18 

FIGURE 10. Proportional-to-Absolute-Temperature 
Current Source 



0 TO 3000 PPM/C 


FIGURE 8. Diode in Series with R1 Causes Voltage 
Across R1 and R2 to be Proportional to Absolute 
Temperature (PTAT) 



FIGURE 11. Negative-TC Current Source 
Reference Hysteresis 

The reference voltage depends, slightly, on the thermal his- 
tory of the die. Competitive micro-power products vary — al- 
ways check the data sheet for any given device. Do not 
assume that no specification means no hysteresis. 
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Application Information (Continued) 

COMPARATORS 

Any of the comparators or the reference may be biased in 
any way with no effect on the other sections of the LM615, 
except when a substrate diode conducts (see Electrical 
Characteristics Note 3). For example, one or both inputs of 
one comparator may be outside the input voltage range lim- 
its, the reference may be unpowered, and the other compar- 
ators will still operate correctly. Unused comparators should 
have inverting input and output tied to V - , and non-inverting 
input tied to V+. 

Hysteresis 

Any comparator may oscillate or produce a noisy output if 
the applied differential input voltage is near the compara- 
tor’s offset voltage. This usually happens when the input 
signal is moving very slowly across the comparator’s switch- 
ing threshold. This problem can be prevented by the addi- 
tion of hysteresis, or positive feedback, as shown in Figure 
12 . 


V+ 



TL/H/1 1057-20 

FIGURE 12. Rs and Rp Add Hysteresis to Comparator 

The amount of hysteresis added in Figure 12 is 


V H = V+ x 


Rs 

(Rf + Rs) 


~V+x5§ for R f > R s 
Rf 

A good rule of thumb is to add hysteresis of at least the 
maximum specified offset voltage. More than about 50 mV 
of hysteresis can substantially reduce the accuracy of the 
comparator, since the offset voltage is effectively being in- 
creased by the hysteresis when the comparator output is 
high. 


It is often a good idea to decrease the amount of hysteresis 
until oscillations are observed, then use three times that 
minimum hysteresis in the final circuit. Note that the amount 
of hysteresis needed is greatly affected by layout. The 
amount of hysteresis should be rechecked each time the 
layout is changed, such as changing from a breadboard to a 
P.C. board. 

Input Stage 

The input stage uses lateral PNP input transistors which, 
unlike those of many op amps, have breakdown voltage 
BVebo equal to the absolute maximum supply voltage. Also, 
they have no diode clamps to the positive supply nor across 
the inputs. These features make the inputs look like high 
impedances to input sources producing large differential 
and common-mode voltages. 

The guaranteed common-mode input voltage range for an 
LM615 is V~ £ Vcm ^ (V+ - 1.8V), over temperature. 
This is the voltage range in which the comparisons must be 
made. If both inputs are within this range, the output will be 
at the correct state. If one input is within this range, and the 
other input is less than (V~ + 32V), even if this is greater 
than V+, the output will be at the correct state. If, however, 
either or both inputs are driven below V~, and either input 
current exceeds 10 julA, the output state is not guaranteed 
to be correct. If both inputs are above (V+ - 1.8V), the 
output state is also not guaranteed to be correct. 

Output Stage 

The comparators have open-collector output stages which 
require a pull-up resistor from each output pin to a positive 
supply voltage of the output to switch properly. When the 
internal output transistor is off, the output (HIGH) voltage 
will be pulled up to this external positive voltage. 

To ensure that the LOW output voltage is under the TTL-low 
threshold, the output transistor’s load current must be less 
than 0.8 mA (over temperature) when it turns on. This im- 
pacts the minimum value of the pull-up resistor. 
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National Semiconductor 


LM710 Voltage Comparator 


General Description 

The LM710 series are high-speed voltage comparators in- 
tended for use as an accurate, low-level digital level sensor 
or as a replacement for operational amplifiers in comparator 
applications where speed is of prime importance. The circuit 
has a differential input and a single-ended output, with satu- 
rated output levels compatible with practically all types of 
integrated logic. 

The device is built on a single silicon chip which insures low 
offset and thermal drift. The use of a minimum number of 
stages along with minority-carrier lifetime control (gold dop- 
ing) makes the circuit much faster than operational amplifi- 
ers in saturating comparator applications. In fact, the low 


stray and wiring capacitances that can be realized with 
monolithic construction make the device difficult to dupli- 
cate with discrete components operating at equivalent pow- 
er levels. 

The LM710 series are useful as pulse height discriminators, 
voltage comparators in high-speed A/D converters or go, 
no-go detectors in automatic test equipment. They also 
have applications in digital systems as an adjustable-thresh- 
old line receiver or an interface between logic types. In addi- 
tion, the low cost of the units suggests them for applications 
replacing relatively simple discrete component circuitry. 


Schematic and Connection Diagrams 



Ceramic Flatpak Package 



Order Number LM710AMW/883* 
See NS Package Number W10A 


Metal Can Package 

v + 



TL/H/10410-2 

Top View 

Note: Pin 4 is connected to case. 

Order Number LM710AMH/883*, LM710H, 
LM710H/883 or LM710CH 
See NS Package Number H08C 


Dual-In-Line Package 



TL/H/10410-3 

Top View 
Order Number 

LM710AMJ/883* or LM710CN 
See NS Package Number N14A or J14A 


*Also available per JM3851 0/1 0301 
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Absolute Maximum Ratings 




If Military/ Aerospace specified devices are required, 

Power Dissipation 


please contact the National Semiconductor 

Sales 

TO-99 (Note 1) 

700 mW 

Office/Distributors for availability and specifications. 

Plastic Dual-ln-Line Package (Note 2) 

950 mW 

Positive Supply Voltage 

+ 14V 

Operating Temperature Range 


Negative Supply Voltage 

— 7V 

LM710 

— 55°Cto + 1 25°C 

Peak Output Current 

10 mA 

LM710C 

0°Cto + 70°C 

Output Short Circuit Duration 1 0 seconds 

Storage Temperature Range 

— 65°Cto + 1 50°C 

Differential Input Voltage 

±5V 

Lead Temperature (Soldering, 10 sec.) 

260°C 

Input Voltage 

±7V 



Electrical Characteristics (Note 3) 





Parameter 

Conditions 

LM710 

LM710C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Input Offset Voltage 

R s ^ 200ft, V CM = 0V, T a = 25°C 


0.6 

2.0 


1.6 

5.0 

mV 

Input Offset Current 

V 0U T= 1.4V,T a = 25°C 


0.75 

3.0 


1.8 

5.0 

fiA 

Input Bias Current 

T a = 25°C 


13 

20 


16 

25 

fiA 

Voltage Gain 

T a = 25°C 

1250 

1700 



1500 



Output Resistance 

T a = 25°C 


200 



200 


ft 

Output Sink Current 

V 0 UT = 0, T A = 25°C 

AVin ^ 5 mV 

2.0 

2.5 

B 



■ 

mA 


AVjn ;> 10 mV 




1.6 

2.5 


mA 

Response Time 

T a = 25°C (Note 4) 





40 


ns 

Input Offset Voltage 

R S ^ 200ft, V C M = 0V 



3.0 



6.5 

mV 

Average Temperature Coefficient 
of Input Offset Voltage 

Tmin ^ t a ^ Tmax 

Rs ^ son 

■ 

3.0 

10 

■ 

5.0 

20 

jmV/°C 

Input Offset Current 

Ta = Ta max 

|| 

0.25 

3.0 

H 


m 

fiA 


Ta = Tamin 


1.8 

7.0 



KZ3 

fxA 

Average Temperature Coefficient 

25 «c <; T A £ Tmax 


5.0 


n 

5 

50 

nA/°C 

of Input Offset Current 

Tmin ^ Ta s: 25°C 


15 



MM 

100 

nA/°C 

Input Bias Current 

Ta = Tmin 


27 

45 


25 

40 

fiA 

Input Voltage Range 

> 

h» 

i 

ii 

i 

> 

±5.0 



±5.0 



V 

Common-Mode Rejection Ratio 

R s 200ft 

80 

100 


70 

98 


dB 

Differential Input Voltage Range 


±5.0 



±5.0 



V 

Voltage Gain 


1000 



800 



V/V 

Positive Output Level 

—5 mA ^ loUT ^ 0 

V|n ^ 5 mV 

2.5 

3.2 

4.0 




V 


V| N ^ 10 mV 




2.5 

3.2 

4.0 

wm 

Negative Output Level 

V||sj ^ 5 mV 

-1.0 


0 




E5 


V| N :> 10 mV 


1 


-1.0 

-0.5 

0 

V 

Output Sink Current 

V|N ^ 5 mV, Vqut = 0 

T a = 125°C 

0.5 

B 

■ 

B 


■ 

mA 


T a = — 55°C 

1.0 






mA 


V|n 10 mV, Vqut = 0 

0°C <; T a ^ +70°C 

■ 

B 


0.5 



mA 
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Electrical Characteristics (Note 3) (continued) 


Parameter 

Conditions 

LM710 

LM710C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Positive Supply Current 

V||sj ^ 5 mV 


5.2 

9.0 




mA 


V| N ^ 10 mV 





5.2 

9.0 

mA 

Negative Supply Current 

V| N ^ 5 mV 


4.6 

7.0 




mA 


V| N :> 10 mV 





4.6 

7.0 

mA 

Power Consumption 

Iqut = 0 

Vin ^ 5 mV 


90 

150 




mW 


V| N ^ 10 mV 






150 

mW 


Note 1: Rating applies for ambient temperatures of 25°C; derate linearly at 5.6 mW/°C for ambient temperatures above 25°C. 

Note 2: Derate linearly at 9.5 mW/°C for ambient temperatures above 25°C. 

Note 3: These specifications appy for V+ = 12V, V“ = -6V, -55°C £ Ta £ +125°C for LM710 and 0°C ^ Ta ^ +70°C for LM710C unless otherwise 
specified: The input offset voltage and input offset current (see definitions) are specified for a logic threshold voltage of 1.8V at ~55°C, 1.4V at 25°C, and IV at 
125°C for LM710 and 1.5V at 0°C, 1.4V at 25°C, and 1.2V at 70°C for LM710C. 

Note 4: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive (LM710) or a 10 mV overdrive (LM710C). 

Typical Applications 
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National Semiconductor 

LM760 

High Speed Differential Comparator 

General Description 

The LM760 is a differential voltage comparator offering con- 
siderable speed improvement over the LM710 family and 
operates from symmetric supplies of ±4.5V to ±6.5V. The 
LM760 can be used in high speed analog-to-digital conver- 
sion systems and as a zero crossing detector in disc file and 
tape amplifiers. The LM760 output features balanced rise 
and fall times for minimum skew and close matching be- 
tween the complementary outputs. The outputs are TTL 
compatible with a minimum sink capability of two gate loads. 


Features 

■ Guaranteed high speed— 25 ns response time 

■ Guaranteed delay matching on both outputs 

■ Complementary TTL compatible outputs 

■ High sensitivity 

■ Standard supply voltages 

Applications 

■ High speed A-to-D 

■ Peak or zero detector 



Connection Diagram 


8-Lead DIP 


, l 

2 




8 , 

7 ( 

,_3 


> 

A_ ( 

4 


\s 

a-t 


Top View 


TL/H/ 10067-3 


Ordering Information 


Temperature Range 
Commercial 

0°C to +70°C 

Package Type 

NSC 

Package 

Drawing 

LM760CN 

8-lead Plastic DIP 

N08E 


3 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature Range 
Metal Can and Ceramic DIP - 65°C to + 1 75°C 

Molded DIP - 65°C to + 1 50°C 

Operating Temperature Range 
Military (LM760) - 55°C to + 1 25°C 

Commercial (LM760C) 0°C to + 70°C 

Lead Temperature 
Metal Can and Ceramic DIP 
(Soldering, 60 sec.) 300°C 

Molded DIP (Soldering, 1 0 sec.) 265°C 

LM760 

Electrical Characteristics 


Positive Supply Voltage 
Negative Supply Voltage 
Peak Output Current 
Differential Input Voltage 
Input Voltage 
ESD Susceptibility 


+ 8.0V 
-8.0V 
10 mA 
±5.0V 
V+ ^ V| v- 
TBD 


Vcc = ± 4.5V to ±6.5 V,T a = -55°Cto +125°C 

Symbol 

Parameter 

V|0 

Input Offset Voltage 

l|0 

Input Offset Current 

l|B 

Input Bias Current 

Ro 

Output Resistance (Either Output) 

tPD 

Response Time 

Atpp 

Response Time Difference 
between Outputs (Note 1) 

(tpD of +Vn) - (tpD of -V| 2 ) 


(tpD Of +V| 2 ) - (tpDOf -V|i) 


(tpD Of +V|i) - (tpp Of +V| 2 ) 


(tpD Of “V|i) ~ (tpp Of -V| 2 ) 

R| 

Input Resistance 

C| 

Input Capacitance 

AV| 0 /AT 

Average Temperature Coefficient 
of Input Offset Voltage 

AI| 0 /AT 

Average Temperature Coefficient 
of Input Offset Current 

V|R 

Input Voltage Range 

V|DR 

Differential Input Voltage Range 

VoH 

Output Voltage HIGH 
(Either Output) 

VOL 

Output Voltage LOW 
(Either Output) 

1 + 

Positive Supply Current 


Conditions 

R s ^ 200a 


Vo = Vqh 


T a = 25°C (Note 3) 


T a = 25°C (Note 4) 


(Note 5) 


T a = 25°C 

T a = 25°C 


T a = 25°C 


T a = 25°C 


f = 1.0 MHz 


f = 1.0 MHz 


R§ = 50fl, 

T a = — 55°C to + 1 25°C 


T a = + 25°C to + 1 25°C 


T a = + 25°C to — 55°C 


V CC = ±6.5V 


0 mA ^ Iqh ^ 5.0 mA 
V CC = + 5.0V 


l 0 H = 80 fiA, Vqc = ±4.5V 


Iql = 3.2 mA 
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LM760C 

Electrical Characteristics 


Vcc = ±4.5V to ± 6.5V, Ta = 0°C to + 70°C, Ta = 25°C for typical figures, unless otherwise specified 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V IO 

Input Offset Voltage 

R s ^ 200ft 


1.0 

6.0 

mV 

ho 

Input Offset Current 





jllA 

Mb 




8.0 

60 

julA 

Ro 

Output Resistance (Either Output) 

X 

o 

> 

II 

:? 


100 


ft 

tPD 

Response time 

T a = 25°C (Note 3) 


18 

30 




T a = 25°C (Note 4) 



25 

ns 



(Note 5) 


16 



Atpo 

Response Time Difference 
between Outputs (Note 1) 

(tpD Of +V|-|) - (tpD Of -V 12 ) 

T a = 25°C 






(tpD Of +V 12 ) “ (tpD of ~V|i) 

T a = 25°C 



5.0 



(tpD of +V|i) - (tpQOf +V| 2 ) 

T a = 25°C 



10 



'cvi 

> 

1 

0 
Q 

_Q_ 

1 

> 

1 

O 

Q 

JL 

T a = 25°C 



10 


R| 

Input Resistance 

f = 1.0 MHz 


12 


kft 

C| 

input Capacitance 

f = 1.0 MHz 


8.0 


PF 

AV| 0 /AT 

Average Temperature Coefficient 
of Input Offset Voltage 

R§ == 50ft, 

T a = 0°C to + 70°C 




jnV/°C 

Alio/AT 

Average Temperature Coefficient 

T a = + 25°C to +70°C 


5.0 


nA/°C 


of Input Offset Current 

T a = + 25°C to 0°C 


10 


V|R 

Input Voltage Range 

V CC = ±6-5V 


±4.5 


V 

V IDR 

Differential Input Voltage Range 



+ 5.0 


V 

VoH 



D 

3.2 


V 



Iqh = 80 jaA, V CC = ±4.5V 

2.5 

3.0 



V 0 L 

Output Voltage LOW 
(Either Output) 

Iol = 3 -2 mA 



0.4 

V 

1 + 

Positive Supply Current 

V CC = ±6.5V 


18 

34 

mA 

1- 

Negative Supply Current 

V CC = ±6.5V 


9.0 

16 

mA 


Note 1: Tj Max = 150°C. 

Note 2: Ratings apply to ambient temperature at 25°C. 

Note 3: Response time measured from the 50% point of a 30 mVp_p 10 MHz sinusoidal input to the 50% point of the output. 

Note 4: Response time measured from the 50% point of a 2.0 Vp_p 1 0 MHz sinusoidal input to the 50% point of the output. 

Note 5: Response time measured from the start of a 100 mV input step with 5.0 mV overdrive to the time when the output crosses the logic threshold. 
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Typical Performance Characteristics 



Response Time for 
Various Output Overdrives 
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Response Time vs 
Input Voltage 
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Voltage Transfer 
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Voltage Gain vs 
Supply Voltage 



Voltage Gain 
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Typical Performance Characteristics (Continued) 


Rise Time vs 
Capacitive Load 


Fall Time vs 
Capacitive Load 


Input Bias Current vs 
Differential Input Voltage 



an 


CAPACITIVE LOAD-pF 


CAPACITIVE LOAD-pF 


DIFFERENTIAL INPUT VOLTAGE -mV 


Equivalent Circuit 


Common Mode Range 
vs Supply Voltage 


■ - 1—1 -4 T A = 25°C _ 


±4.5 ±5.0 ±5.5 ±6.0 ±6.5 


SUPPLY VOLTAGE -V 
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Typical Applications (Notei) 


Fast Positive Peak Detector 





Line Receiver with High Common Mo<le Range 



Common mode range = ±4 X -~V 


Level Detector with Hysteresis 



Pi must be adjusted for optimum common mode rejection. 
For Rs = 200ft: 

Common mode range = ±16V 
Sensitivity = 20 mV 


Zero Crossing Detector (Note 2) 




1.0k < 10k <390 


Total delay = 30 ns 

Input Frequency = 300 Hz to 3.0 MHz 

Minimum input voltage = 20 mVp_p 


Note 1: Lead numbers shown are for Metal Package only. 
Note 2: All resistor values in ohms. 
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Typical Applications (Note 1) (Continued) 


High Speed 3-Bft A/D Converter 



Input voltage range = 3.5V 
Typical conversion speed = 30 ns 
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LM1801 


National Semiconductor 


LM1801 Battery Operated Power Comparator 


General Description 

The LM1801 is an extremely low power comparator with a 
high current, open-collector output stage. The typical supply 
current is only 7 jaA, yet in its switched state the comparator 
can source or sink 0.5A. The LM1801 is designed to oper- 
ate in a standby mode for 1 year, powered by a 9V alkaline 
battery. Provision is made for operation from supplies of up 
to 14V. An internal 14.5V zener clamp may be used for sup- 
ply regulation in line operated applications. 

The low battery detector and stand-by current drain are ex- 
ternally programmed by resistors. A parallel output is provid- 
ed to “OR” as many as 9 comparators, and a feedback pin 
allows adding hysteresis or latching functions. Two on-chip 
voltage sources can serve as bias points for the comparator 
inputs or as references for other circuit functions. 


Features 

■ 8V to 14V operation 

■ Direct drive to horn 

■ Internal zener for supply regulation 

■ Parallel comparator capability 

■ Extremely low stand-by current drain 

■ 2 references on chip 

■ Low battery detector 

■ 0.5A output transistor 

■ Output clamp diodes on chip 

Applications 

■ Intrusion alarms 

■ Water leak detectors 

■ Gas leak detectors 

■ Overvoltage crowbars 

■ Battery operated monitors 




•Alarm sounds when probe conductors are bridged with water droplets. A suitable probe can be etched in copper clad board. 

FIGURE 1. Water Leak Detector 

Order Number LM1801N 
See NS Package Number N14A 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage 1 4V 

Input Voltage - 0.3V to 1 4V 

I nput Differential Voltage ± 1 4 V 


Power Dissipation (Note 1) 

Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 
ESD rating to be determined. 


1176 mW 
0°Cto +70°C 
— 65°C to + 1 25°C 
260°C 


Electrical Characteristics (Note 2) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Comparator 






Input Offset Voltage 



5 

15 

mV 

Input Bias Current 



2 

10 

nA 

Input Offset Current 



0.5 

8 

nA 

Pin 6 Output Low 

•sink = 100 jxA 


1.5 


V 

Output Stage (Pin 8) 






Leakage Current 



5 

100 

nA 

Saturation Voltage 

Is = 200 mA 


0.7 

1.3 

V 

Saturation Voltage 

| 8 = 500 mA 


1.9 


V 

Common Alarm Line (Pin 10) 






Drive Capabilities 

V4 > V5 





Output Voltage High 



6.8 


V 

Output Current 

V10 = 0.0V 


6.5 


mA 

Driver Requirements 

V5> V4 





Input Voltage 



3.6 


V 

Input Current 

V8 = 1.5V, l 8 = 200 mA 


0.4 


mA 

Regulator 






Pin 2 Reference Voltage 



5.8 


V 

Temperature Coefficient 



5 


mV/°C 

Pin 3 Reference Voltage 



5.2 


V 

Temperature Coefficient 



7 


mV/°C 

Battery Check Oscillator 






Threshold Voltage (Pin 12) 


5.5 

6.0 

6.5 

V 

Period 

V+ = 7.5V, Cl = 10 jllF 


40 

50 

s 

Beep Pulse Width 

V+ = 7.5V, Cl = 10 jtxF 


60 


ms 

Supply Current (Note 3) 



6 

8 

julA 

Zener Clamp Voltage, V9 

I9 = 1 mA 


14.5 


V 


Note 1: For operating at elevated temperatures, the device must be derated based on a 125°C maximum junction temperature and a thermal resistance of 85°C/W 
junction to ambient. 

Note 2: R S et = 10 Mft, V+ = 9V, T a = 25°C, (Figure 1). 

Note 3: Output OFF. 
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FIGURE 2. LM1801 Internal Schematic 


TL/H/9139-2 




Applications Hints 

CIRCUIT OPERATION 

The LM1801 includes a bias string, comparator, steering 
logic, output transistor, supply clamp, low voltage detector, 
and reference. An internal schematic is shown in Figure 2. 
The chip is biased by a group of current sources that are 
controlled externally by a fixed resistor, R set . In normal, or 
standby operation the supply current drain is nominally 6 
times the set current at pin 1 . The voltage at pin 1 is two 
forward diode potentials (D1 + D2 = 1 .2V typical) less than 
the positive supply voltage. Practical values of R S0t range 
from 100 kn to 10 Mfl. Higher currents are useful where 
speed is important, while lower currents promote long bat- 
tery life. 

The total standby current drain of the LM1 801 will include, in 
addition to the above, the current drawn by the external 
circuits connected at pins 2, 3, and 12. These are the resis- 
tive dividers used to set the low battery threshold and com- 
parator threshold. 

The voltage comparator consists of devices Q1 through 
Q10. The input features a common mode range from less 
than 300 mV to V+ - 1.2V. If the non-inverting input is 
within this range, the output state remains valid for inverting 
inputs of 0V to V+. If the inverting input is within the com- 
mon mode range, valid comparisons hold for non-inverting 
inputs of 300 mV to V+. The comparator may not switch 
low if the positive input is grounded. 

With a set resistance of 10 Mfl, comparator input bias cur- 
rents of 2 nA are typical. This allows the use of high-value 
resistors (1 0 Mfl) at the comparator inputs which help mini- 
mize total supply current. The comparator’s output is avail- 
able through a steering diode (D3) for latching or hysteresis 
functions. 

The comparator output is also coupled internally to the 
steering logic (Q11-Q13). The comparator, low battery de- 
tector, and parallel output (pin 10) functions are OR’d in the 
logic circuit. In addition, the comparator output is steered to 
the parallel output. If the parallel outputs (pin 10) of two or 
more chips are wired together along with a common ground, 
the comparator on any one chip can cause all of the other 
output stages to switch, as well as its own output. Outputs 
are switched when the inverting comparator input is positive 
with respect to the non-inverting input. Low battery func- 
tions are coupled to the steering logic via Q12, and there- 
fore do not affect the parallel output (Q13). 

If the sense outputs (pin 1 1) of two or more chips are wired 
together, the comparator and low battery detector will cause 
all outputs to switch. 

The output transistor is a 0.5A Darlington. Included in this 
structure are two clamp diodes. D4 clamps positive collector 
voltage excursions to the supply, and D5 clamps negative 
excursions to ground. 


The output transistor is normally operated with the emitter 
grounded. Under these conditions the collector is guaran- 
teed to saturate no higher than 1 .3 V at 200 mA. 1 .9 V satura- 
tion voltage is typical at 500 mA. The emitter may also be 
used as an output, and it can swing from ground potential up 
to 5V on a 9V supply. Emitter swing in the positive direction 
is limited in the parallel output mode. 

A low battery detector with a 6 V threshold is also included 
on chip. This circuit consists of Q16, Q17, Dll, and D12. 
When pin 12, the battery sense input, is higher than 6V, D12 
clamps the emitter of Q16 to 6.6V, and the output from the 
current source flows through the zener to ground. If pin 14 
drops below 6V, Q16 is biased ON, and current is drawn 
away from the zener and into Q16. The SCR formed by Q16 
and Q17 is triggered when Q16 is biased ON. The capacitor 
at pin 14 is discharged, part of its charge flows to the steer- 
ing logic to pulse the output transistor, and the remainder 
holds the SCR in its ON state. 

When the timing capacitor has discharged, conduction in 
Q16 and Q17 is commutated. Note that the output from the 
current source is less than the sustaining current required 
by the SCR. The current source slowly charges the capaci- 
tor until the voltage across it rises 0.6V above pin 12, where 
the cycle repeats itself. If pin 1 2 rises above 6V, the zener 
clamps the voltage at pin 14 and the low battery detector 
remains OFF. 

Pin 1 2 is biased from an external resistive divider. The divid- 
er should be designed to detect at no lower than V+ = 7V. 
The detector will continue to work at lower voltages provid- 
ing pin 12 is at least IV below the supply. For a 9V alkaline 
battery a threshold of 8.2V is common. A resistive divider of 
2.7 Mfl and 7.5 Mfl provides the appropriate threshold. 

In many applications the on-chip references can provide 
bias points. The references are driven from D1 3, and buff- 
ered by Q18 and Q19. If only one bias point is needed the 
first reference (pin 2) should be used, and the unused out- 
put (pin 3) may be left open. The tiny leakage currents in 
Q18 can cause Q19 (pin 3) to drift upward if a 10 Mfl load 
resistor is not included at pin 2. The combined output cur- 
rent from pins 2 and 3 should not exceed 1 mA. If neither 
reference output is used, pins 2 and 3 should be left open. 
The last section of the LM1801 is the supply zener. It is built 
from a series combination of two diodes and two zeners. 
The breakdown voltage at 1 mA is 14.5V, and the series 
resistance is about 200fl. In line operated applications the 
zener may be used for supply regulation or transient protec- 
tion. The zener is designed to carry up to 10 mA. 
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Applications Hints (Continued) 

DESIGN HINTS 

If the comparator inputs are subjected to electrostatic dis- 
charges (ESD), a series resistance is recommended to pro- 
vide protection. Given the low input bias currents, 100 kil 
resistors can be added without affecting circuit perform- 
ance, yet they greatly enhance static protection. The 
LM1801 is not designed to withstand reverse battery. 

With a 10 Mil R set , the LM 1801 responds to an input in 
approximately 2.5 juls, and turns OFF in 200 juls. Higher set 
currents decrease the response time. With R set = 1 Mil, 
the output switches low in 0.5 juts, and high in 50 juts, and 
with R se t = 100 kil, the response times are reduced to 
0.2 juts and 12 juts. 

Wheh the circuit is in the standby state (V5 > V4), the cur- 
rent consumption in a typical application such as Figure 1 is 
less than approximately 7 jut A. However, when the compara- 
tor switches LOW (V4 > V5), the supply current increases 
to 3 mA owing to the Darlington base current. Therefore, to 
realize maximum battery life, any application should be de- 
vised so that V5 > V4 in the standby or resting state. 


The output stage can drive lamps, LEDs, buzzers, beepers, 
relays, motors, and solenoids. However, the low battery de- 
tector is not compatible with every load. Since the low bat- 
tery detector generates only a short pulse (60 ms typical), it 
is intended for use with buzzers and beepers. Depending on 
the response time and resonant frequency, some buzzers 
may only produce a single click. Self-oscillating beepers 
usually start instantly and produce a recognizable “tweet” 
when a low battery condition is detected. Incandescent 
lamps, large relays and solenoids will do absolutely nothing 
when pulsed by the low battery detector. 

Self-oscillating beepers are readily available, such as the 
Sonalert SNP428 and the Panasonic EAL-069A. These 
units are guaranteed to self-start when power is applied. 

To defeat the low battery detector, short pins 12 and 14 
together, and do not connect them to anything else. 

Circuit board assembly procedures should include a thor- 
ough cleaning to remove flux and other residues. The input 
pins are often biased by very high impedance sources and 
even a 10 Mil leakage path can upset circuit operation. 



R-i + R 2 ~ io Mft 
Vt ™ p = 58V 
Minimum trip voltage = 5.8V 

’Use series resistor for supplies > 14V. Select for Izener = 5 mA. 

* ’Reverse connections and add 1 Mft resistor for overvoltage indication. 
tOptional filter capacitor, 1 nF to 100 nF. 

ttPush to reset. Eliminate pin 6 connection for non-latching operation. 

FIGURE 3. Under (Over) Voltage Indicator 
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Applications Hints (Continued) 



Vtrip= 5 - 8V 

*Use series resistor for supplies > 14V. 

tOptional filter capacitor, 1 nF to 1 00 nF. 

FIGURE 4. Overvoltage Crowbar 
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Applications Hints (Continued) 



TL/H/9139-5 


To set trip point, trim Vref to 4.5V. Trim Rsensor at room temperature (23°C) for: 

ii _(273 + 23 \ 

VSENSOR = « 

where Tx is the desired trip point temperature in °C. As shown, the alarm is activated for over temperature conditions. Reverse the comparator connections for 
under temperature alarm. The 20 kft potentiometer allows an adjustment range of - 55°C to + 60°C. Add a 1 0k fixed resistance in series with the potentiometer for 
a +50°C to + 125°C adjustment range. Rsensor can be replaced by a fixed resistor once the desired value is found. Vref ' s used as a final adjustment. 


FIGURE 5. Over (Under) Temperature Alarm 
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Applications Hints (Continued) 




FIGURE 7. Full-Featured Intrusion Alarm 


TL/H/9139-6 
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National Semiconductor 

LM6511 

180 ns 3 V Comparator 

General Description 

The LM651 1 voltage comparator is ideal for analog-digital 
interface circuitry when only a +3V or +3.3V supply is 
available. The open-collector output permits signal compati- 
bility with a wide variety of digital families: +5V CMOS, 

+ 3 V CMOS, TTL and so on. Supply voltage may range 
from 2.7V to 36V between supply voltage leads. The 
LM6511 operates with little power consumption (Pdiss < 

9.46 mW at V+ = + 2.7V and V~ = 0V). 

This voltage comparator offers many features that are avail- 
able in traditional sub-microsecond comparators: output 
sync strobe, inputs and output may be isolated from system 
ground, and wire-ORing. Also, the LM651 1 uses the indus- 
try-standard, single comparator pinout configuration. 


Connection Diagram 


8-Pin DIP/SO 



TL/H/1 1888-1 

Ordering Information 


Package 

Industrial Temperature Range 
— 40°C to + 85°C 

NSC Package 
Drawing 

8-Pin Molded DIP 

LM6511IN 

N08E 

8-Pin Small Outline 

LM6511IM 

M08A 


Features (Typical unless otherwise noted) 

■ Operates at +2.7V, + 3V, +3.3V, + 5V 

■ Low Power consumption <9.45 mW @ V+ = 2.7 V 
(max) 

■ Fast Response Time of 1 80 ns 

Applications 

■ Portable Equipment 

■ Cellular Phones 

■ Digital Level Shifting 
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Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage - 0.3 to + 36V 

Output to Negative Supply Voltage 50V 

Ground to Negative Supply Voltage 30V 

Differential Input Voltage ± 30V 

Input Voltage (Note 2) 

Storage T emperature Range - 65°C to + 1 50°C 


Soldering Information: 

DIP Package (Soldering in 1 0 sec) 260°C 

SO Package (Vapor Phase in 60 sec) 21 5°C 

SO Package (Infrared in 1 5 sec) 220°C 


Power Dissipation 500 mW 

Output Short Circuit Duration 1 0s 

Junction T emperature 1 50°C 

ESD Rating (C = + 1 00 pF, R = 1 .5 kH) 300V 

Operating Ratings (Notei) 

Supply Voltage 2.5V to 30V 

Temperature Range -40°C £ Tj £ +85°C 

Thermal Resistance (0ja) 

DIP Package 110°C/W 

SO Package 170°C/W 


DC Electrical Characteristics Unlesss otherwise specified, all limits guaranteed for Tj = 25°C. Boldface 
limits apply at the temperature extremes. V+ = 2.7V, V - = 0V, 50fl ^ R|_ ^ 50kH, and II = 1.0 mA unless otherwise 
specified 


Symbol 

Parameter 

Conditions 

Typical 

LM6511I 

Units 

Limit 

(Limits) 

Vos 

Offset Voltage 

Rs ^ 50 kn 

1.5 

5 

mV 



(Note 3) 

8 

max 

•b 

Input Bias Current 


38 

130 





200 

nA 

•os 

Input Offset Current 

R s ^ 50 kH 

1.5 

20 

max 



(Note 3) 

50 


•s 

Positive Supply Current 


2.7 

3.5 






5 

mA 


Negative Supply Current 


1.5 

2.0 

max 




2.5 


VSAT 

Saturation Voltage 

V| N £ 10 mV 

0.23 

0.4 

V 



•sink = 8 mA 

0.4 

max 

A V 

Large Signal Voltage Gain 

AVqut = 2V 

40 


V/mV 

CMRR 

Common Mode Rejection Ratio 


72 


dB 

•strobe 

Strobe ON Current 

(Note 5) 

2.0 

5.0 

mA max 

V|N 

Input Voltage Range 



0.50 

V min 





V+ - 1.25 

V max 


Output Leakage Current 

V|n ^10 mV, Vqut = 35V, 

0.2 


nA 



•strobe = 3 mA 


max 




I 
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AC Electrical Characteristics Unlesss otherwise specified, ail limits guaranteed for Tj = 25°C. Boldface 
limits apply at the temperature extremes. V+ - 2.7V, V~ = OV, 50fl ^ Rl ^ 50 kft, and l|_ =1.0 mA unless otherwise 
specified. 


Symbol 

Parameter 

Conditions 

Typical 

LM6511I 

Units 

Limit 

(Limits) 

Tr 

Response Time 

(Note 4) 

180 


ns 


Mote 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating ratings indicate conditions the device is intended to 
be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaran- 
teed specifications apply only for the test conditions listed. 

Note 2: The positive input voltage limit is 30V above the negative supply voltage. The negative input voltage limit is equal to the negative supply voltage or 30V 
below the positive supply voltage, whichever is less. 

Mote 3: The offset voltage and offset current limits are the maximum values required to drive the output within a volt of either supply with a 1 mA load. Therefore, 
these parameters define an error band and take into account the worst-case effects of voltage gain and input impedance. 

Note 4: This specification is for a 100 mV input step with a 25 mV overdrive. 

Note 5: This specification gives the range of current which must be drawn from the strobe pin to ensure the output is properly disabled. Do not short the strobe pin 
to ground; it should be current driven at 3 mA to 5 mA. 


Schematic Diagram 


BAIANCE/STROBE BALANCE 
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LM6511 Typical Performance Characteristics Vs = 3V unless otherwise noted 



-50 0 50 100 


TEMPERATURE 


Input Offset Current 



-50 0 50 100 

TEMPERATURE 


Input Current vs 
Input Voltage 



INPUT VOLTAGE (mV) 


Common Mode Limits 



TEMPERATURE < c C) 


Transfer Function 



-50-40-30-20-10 0 10 20 30 40 50 
DIFFERENTIAL INPUT VOLTAGE (|tV) 


Output Saturation Voltage 


0.35 

0.3 

0.25 





l 0U T = 8 mA 


0.2 




0.15 







0.1 





-50 0 50 100 

TEMPERATURE 


Output Current Limiting 



OUTPUT VOLTAGE (V) 


Supply Current vs 



-40 -20 0 20 40 60 80 100 120 

TEMPERATURE (°C) 


Output Leakage Current 



20 30 40 50 60 70 80 90 

TEMPERATURE 


TL/H/ 11888-2 


Propagation Delay vs Overdrive 



1 10 100 1000 
OVERDRIVE (mV) 


TL/H/1 1888-3 



LM6511 


Typical Application 

Universal Logic Level Shifter 


v b 



TL/H/1 1888-4 

Notes: Because of the very wide operating and output voltage range, the LM651 1 may be used to shift logic levels from 3V to TTL or CMOS to the other way 
around. 

By biasing the input to y 2 of the input logic supply (V A ), this assures that this input remains within the input voltage range. The pull-up resistor should go to the 
output logic supply (V B ). 
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National Semiconductor 

LMC6762 Dual/LMC6764 Quad MicroPower, Rail-To-Rail 
Input and Output CMOS Comparator 

General Description 

The LMC6762/4 is an ultra low power dual/quad compara- 
tor with a maximum supply current of 1 0 juA/comparator. It 
is designed to operate over a wide range of supply voltages, 
from 2.7V to 1 5 V. The LMC6762/4 has guaranteed specs at 
2.7V to meet the demands of 3V digital systems. 

The LMC6762/4 has an input common-mode voltage range 
which exceeds both supplies. This is a significant advantage 
in low-voltage applications. The LMC6762/4 also features a 
push-pull output that allows direct connections to logic de- 
vices without a pull-up resistor. 

A quiescent power consumption of 50 /xW/amplifier 
(@ v+ = 5V) makes the LMC6762/4 ideal for applications 
in portable phones and hand-held electronics. The ultra-low 
supply current is also independent of power supply voltage. 

Guaranteed operation at 2.7V and a rail-to-rail performance 
makes this device ideal for battery-powered applications. 

Refer to the LMC6772/4 datasheet for an open-drain ver- 
sion of this device. 


Connection Diagrams 

8-Pin DIP/SO 


8 . v + 


— OUT B 

■S.in tr 


— IN B* 


TL/H/12320-1 

Top View 

Ordering Information 


Package 

Temperature Range 
— 40°C to +85°C 

NSC Drawing 

Transport 

Media 

8-Pin Molded DIP 

LMC6762AIN, LMC6762BIN 

N08E 

Rails 

8-Pin Small Outline 

LMC6762AIM, LMC6762BIM 

M08A 

Rails 


LMC6762AIMX, LMC6762BIMX 

M08A 

Tape and Reel 

14-Pin Molded DIP 

LMC6764AIN, LMC6764BIN 

N08E 

Rails 

14-Pin Small Outline 

LMC6764AIM, LMC6764BIM 

M14A 

Rails 


LMC6762AIMX, LMC6762BIMX 

M14A 

Tape and Reel 



14-Pin DIP/SO 


OUT B 
OUT A 
V + 
IN A" 
IN A + 
IN B" 
IN B + 


TL/H/1 2320-2 

Top View 



Features (Typical unless otherwise noted) 

■ Low power consumption 

(Guaranteed) Is - 10 jxA/comp 

■ Wide range of supply voltages 2.7V to 15V 

■ Rail-to-rail input common mode voltage range 

■ Rail-to-rail output swing 

(Within 100 mV of the supplies, @ V+ = 2.7V, and 
•load = 2.5 mA) 

■ Short circuit protection 40 mA 

■ Propagation delay 

(@ V+ = 5V, 100 mV overdrive) 4 jas 

Applications 

■ Laptop computers 

■ Mobile phones 

■ Metering systems 

■ Hand-held electronics 

■ RC timers 

■ Alarm and monitoring circuits 

■ Window comparators, multivibrators 
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National 


Semico nd uctor 


ADVANCE INFORMATION 


LMC6772 Dual, LMC6774 Quad, 

Micro-Power Rail-To-Rail Input and Open Drain Output 
CMOS Comparator 


General Description 

The LMC6772/4 is an ultra low power dual/quad compara- 
tor with a maximum 10 jmA/comparator power supply cur- 
rent. It is designed to operate over a wide range of supply 
voltages, from 2.7V to 15V. The LMC6772/4 has guaran- 
teed specs at 2.7V to meet the demands of 3V digital sys- 
tems. 

The LMC6772/4 has an input common-mode voltage range 
which exceeds both rails. This is a significant advantage in 
low-voltage applications. The LMC6772/4 also features an 
open-drain output. This architecture is ideal for mixed supply 
voltage systems as an external resistor can be used to pull 
the output up to +1 5 V, regardless of the supply voltage. 

A quiescent power consumption of 50 jmW/Amplifier (@Vs 
= 5V) makes the LMC6772/4 ideal for applications in por- 
table phones and hand-held electronics. The ultra-low sup- 
ply current is also independent of the power supply voltage. 
Guaranteed operation at 2.7V and rail-to-rail performance 
make the device ideal for battery-powered applications. 


Connection Diagrams 


Features (Typical unless otherwise noted) 

■ Low power consumption Is = 10 ju,A/comp 

■ Wide range of supply voltages 2.7V to 1 5V 

■ Rail-to-Rail Input Common Mode Voltage Range 

■ Open-drain output stage 

■ Short circuit protection 40 mA 

■ Propagation delay (@V$ = 5V, 100 mV overdrive) 5 jlis 

■ Refer to the LMC6762/4 datasheet for a device with 
similar specs and a push-pull output stage 

Applications 

■ Laptop computers 

■ Mobile Phones 

■ Metering systems 

■ Hand-held electronics 

■ RC timers, Window Comparators, Multivibrators 

■ Alarm and monitoring circuits 


8-Pin DIP/SO 



Top View 


TL/H/1 2347-1 


14-Pin DIP/SO 



Top View 


Package 

Temperature Range 

Industrial, -40°Cto +85°C 

NSC 

Drawing 

Transport 

Media 

8-Pin Molded DIP 

LMC6772AIN, LMC6772BIN 

N08E 

Rails 

8-Pin Small Outline 

LMC6772AIM, LMC6772BIM 

M08A 

Rails 


LMC6772AIMX, LMC6772BIMX 

Tape and Reel 

14-Pin Molded DIP 

LMC6774AIN, LMC6774BIN 

N14A 

Rails 

14-Pin Small Outline 

LMC6774AIM, LMC6774BIM 

M14A 

Rails 


LMC6774AIMX, LMC6774BIMX 

Tape and Reel 


3-132 











( 9 


National Semiconductor 


PRELIMINARY 


LMC7211 

Tiny CMOS Comparator with Rail-to-Rail Input 


General Description 

The LMC721 1 is a micropower CMOS comparator available 
in the space saving SOT23-5 package. This makes the 
comparator ideal for space and weight critical designs. The 
LMC721 1 is available in SO-8 surface mount packages and 
in conventional 8-pin DIP packages. The LMC721 1 is sup- 
plied in two offset voltage grades, 5 mV and 1 5 mV. 

The main benefits of the Tiny package are most apparent in 
small portable electronic devices, such as mobile phones, 
pagers, notebook computers, personal digital assistants, 
and PCMCIA cards. The rail-to-rail input voltage makes the 
LMC721 1 a good choice for sensor interfacing, such as light 
detector circuits, optical and magnetic sensors, and alarm 
and status circuits. 

The Tiny Comparator’s outside dimensions (length x width x 
height) of 3.05mm x 3.00mm x 1.43mm allow it to fit into 
tight spaces on PC boards. 


Features 

■ Tiny SOT 23-5 package saves space 

■ Package is less than 1 .43 mm thick 

■ Guaranteed specs at 2.7V, 5V, 1 5V supplies 

■ Typical supply current 7 jut A at 5 V 

■ Response time of 8 juts at 5V 

■ LMC7211 — push-pull output 

■ Input common-mode range beyond V- and V+ 

■ Low input current 

Applications 

■ Battery Powered Products 

■ Notebooks and PDAs 

■ PCMCIA cards 

■ Mobile Communications 

■ Alarm and Security circuits 

■ Direct Sensor Interface 

■ Replaces amplifiers used as comparators with better 
performance and lower current 


Connection Diagrams 


8-Pin DIP/SO-8 


5-Pin SOT23-5 



NC 

V + 

OUTPUT 

NC 


TL/H/12337-1 



Package 

Ordering 

Information 

NSC Drawing 
Number 

Package 

Marking 

Transport Media 

8-Pin DIP 

LMC7211AIN 

N08E 

LMC7211AIN 

rails 

8-Pin DIP 

LMC721 1 BIN 

N08E 

LMC7211BIN 

rails 

8-Pin SO-8 

LMC7211AIM 

M08A 

LM721 1 AIM 

rails 

8-Pin SO-8 

LMC7211BIM 

M08A 

LM7211BIM 

rails 

8-Pin SO-8 

LMC7211AIMX 

M08A 

LM7211AIM 

2.5k units tape and reel 

8-Pin SO-8 

LMC721 1 BIMX 

M08A 

LM7211BIM 

2.5k units tape and reel 

5-Pin SOT 23-5 

LMC7211AIM5 

MA05A 

C00A 

250 units tape and reel 

5-Pin SOT 23-5 

LMC721 1BIM5 

MA05A 

COOB 

250 units tape and reel 

5-Pin SOT 23-5 

LMC7211AIM5X 

MA05A 

COOA 

3k units tape and reel 

5-Pin SOT 23-5 

LMC721 1 BIM5X 

MA05A 

COOB 

3k units tape and reel 



I 
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Absolute Maximum Ratings (Note i> Operating Ratings (Note i> 

If Military/ Aerospace specified devices are required, Supply Voltage 2.7 ^ Vcc ^ 15V 

please contact the National Semiconductor Sales Junction Temperature Range 

Office/Distributors for availability and specifications. LMC7211AI, LMC7211BI -40“C i Tj <: + 85°C 

ESD Tolerance (Note 2) 2kV Thermal Resistance (0 JA ) 

Differential Input Voltage (Vcc) + 0.3V to (-Vcc)~ 0.3V N Package, 8-pin Molded DIP 115°C/W 

Voltage at Input/Output Pin (Vec) + 0.3V to (-Vec) - 0.3V SO-8 Package, 8-Pin Surface Mount .. 165°C/W 

Supply Voltage (V+-V~) 16V M05A Package, 5-Pin Surface Mount 325°C/W 

Current at Input Pin ±5mA 

Current at Output Pin (Note 3) ±20 mA 

Current at Power Supply Pin 40 mA 

Lead Temperature (soldering, 10 sec) 260°C 

Storage Temperature Range -65°Cto +150°C 

Junction Temperature (Note 4) 150°C 

2.7V Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ = 2.7V, V~ = 0V, Vcm - v O = V+ /2. Boldface limits 
apply at the temperature extremes. 

Symbol 

Parameter 

Conditions 

Typ 

(NoteS) 

LMC7211AI 

Limit 
(Note 6) 

LMC7211BI 
Limit 
(Note 6) 

Units 

Vos 

Input Offset Voltage 


CO 

5 

8 

15 

18 

Bi 

TCVos 

Input Offset Voltage 
Temperature Drift 


1.0 



H 


Input Offset Voltage 
Average Drift 


3.3 

.-V" 


jutV/Month 

•b 

Input Current 


0.04 



PA 

•os 

Input Offset Current 


0.02 



PA 

CMRR 

Common Mode 
Rejection Ratio 

ov ^ v C M ^ 2.7V 

75 



dB 

PSRR 

Power Supply 

Rejection Ratio 

2.7V ^ V+ ^ 5V 

80 



dB 

Av 

Voltage Gain 


100 




CMVR 

Input Common-Mode 
Voltage Range 

CMRR > 55 dB 

3.0 


2.9 

2-7 


CMRR > 55 dB 

-0.3 


-0.2 

0.0 

V 

max 

Voh 

Output Voltage High 

l| 0ac i = 2.5 mA 


mm 


V 

max 

V 0 L 

Output Voltage Low 

l| 0ad = 2.5 mA 

mgm 



V 

max 

Is 

Supply Current 

VoUT = low 

7 



jxA 

max 

... • " J •• • ' i 


3-134 












5.0V and 15.0V Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ = 5.0V and 15V, V" = 0V, Vcm = Vq = V+/2. 
Boldface limits apply at the temperature extremes. 





Typ 

(Note 5) 

LMC7211AI 

LMC7211BI 


Symbol 

Parameter 

Conditions 

Limit 
(Note 6) 

Limit 
(Note 6) 

Units 

Vos 

Input Offset Voltage 


3 

5 

15 

mV 





8 

18 

max 

TCVos 

Input Offset Voltage 

V+ = 5V 

1.0 



JLtV/°C 


Temperature Drift 

V+ = 15V 

4.0 




Input Offset Voltage 

V+ = 5V 

3.3 



ju,V/ Month 


Average Drift 

V+ = 15V 

4.0 



•b 

Input Current 


0.04 



pA 

•os 

Input Offset Current 


0.02 



pA 

CMRR 

Common Mode 

V+ = 5.0V 

75 



dB 


Rejection Ration 

V+ = 15.0V 

82 



dB 

PSRR 

Power Supply 

Rejection Ratio 

5V^ V+ ^ 10V 

80 



dB 

Av 

Voltage Gain 


100 



dB 

CMVR 

Input Common-Mode 

V+ = 5.0 V 

5.3 

5.2 

5.2 

V 


Voltage Range 

CMRR > 55 dB 


5.0 

5.0 

min 



V+ = 5.0 V 

-0.3 

-0.2 

-0.2 

V 



CMRR > 55 dB 


0.0 

0.0 

max 



V + - 15.0V 

15.3 

15.2 

15.2 

V 



CMRR > 55 dB 


15.0 

15.0 

max 



V+ = 15.0V 

-0.3 

-0.2 

-0.2 

V 



CMRR > 55 dB 


0.0 

0.0 

max 

VoH 

Output Voltage High 


4.8 

4.6 

4.6 

mV 





4.45 

4.45 

max 




14.8 

14.6 

14.6 

mV 





14.45 

14.45 

max 

v OL 



0.2 

0.40 

0.40 

mV 



n 


0.55 

0.55 

min 



■ 

0.2 

0.40 

0.40 

mV 





0.55 

0.55 

min 

•s 

Supply Current 

VOUT = lOW 

7 

14 

14 

ju,A 





18 

18 

max 

•sc 

Short Circuit Current 

Sourcing 

30 



mA min 




45 



mA min 
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AC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ 
apply at the temperature extreme. 

= 5V, V- = 

0V, Vcm = Vo = 

= V+/2. Boldface limits 

Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LMC7211AI 

Limit 
(Note 6) 

LMC7211BI 
Limit 
(Note 6) 

Units 




f = 1 0 kHz, Cl = 50 pF, 
Overdrive = 10 mV 


f = 10 kHz, Cl = 50 pF, 
Overdrive = 1 0 mV 


Propagation Delay f = 10 kHz, 
(High to Low) Cl = 50 pF 

V+ = 2.7V, 
f = 10 kHz, 
Cl = 50 pF 


tpLH Propagation Delay f = 1 0 kHz, 1 0 mV 6 jms 

(Low to High) Cl = 50p lOOmV 4 

V+ = 2.7V, 10 mV 7 (is 

f = 10 kHz, 

Cl = 50 pF 100 mV 4 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 
Note 2: Human body model, 1.5 kft in series with 100 pF. 

Note 3: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. 

Note 4: The maximum power dissipation is a function of Tj( maX ), 0 ja, and Ta- The maximum allowable power dissipation at any ambient temperature is 
p D = (Tj(max) ~ Ta)/0ja- All numbers apply for packages soldered directly into a PC board. 

Note 5: Typical values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 
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Output Voltage (mV) Output Current (mA) Supply Current (pA) 


Typical Performance Characteristics Single Supply Ta = 25°C unless specified 


Supply Current vs 
Supply Voltage 



























- 

= 

r 

+85°C. 

- 

- 



= 
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= 

* 

to°c 




























_ 



0 123456789 101112131415 
Supply Voltage (V) 


Supply Current vs 
Temperature while Sourcing 


III! 

mi 

■■■■ 

EBB 

■■■■ 

BS 

Si 

S!ii !■■■■■■■■ 

mu 

{JWB] 

mm 


Supply Current vs 
Temperature while Sinking 


Case Temperature (°C) 


Case Temperature (°C) 


Output Sourcing Current vs 
Supply Voltage 


Output Sinking Current vs 
Supply Voltage 


Output Sourcing Current vs 
Output Voitage @ 5V 


23456789 10 1 
Supply Voltage (V) 


1 2 3 4 5 6 7 8 9 10 11 12 
Supply Voltage (V) 


0 123456789 10 

Output Current (mA) 


Output Sinking Current vs 
Output Voltage @ 5 V 


1000 








n n 






















600 





_ 






500 





_ 



Lxico/ 


400 




+: 

25° 


■ 

UK 






n 

□ 

□ 




Output Sourcing Current vs 
Output Voltage @ 15V 


Output Sinking Current vs 
Output Voltage @ 15V 



0 12345678 

Output Current (mA) 


123456789 10 
Output Current (mA) 


2 3 4 5 6 7 8 
Output Current (mA) 


Response Time for Various 
Input Overdrives -tpi_H 

1 1 1 1 ii i bag 

Input 0verdrive= 100 mV 


Response Time for Various 
Input Overdrives -tpHL 

Input Overdrives 100 mV I I 


0 2 4 6 8 

Time (jus) 

Input Overdrive Referenced to V 0S 


|0verdrive Mill! \ [ 

0 4 8 12 16 

Time (jxs) 

Input Overdrive Referenced to V 0S 
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Input Voltage Output Voltage Input Voltage Output Voltage 

V |N (V) V 0 (V) V, N (V) V 0 (V) 


Typical Performance Characteristics single supply, Ta = 25 to C unless specified (Continued) 

O 


Response Time for Various 
Input Overdrives -tpi_H 

| Input Overdrive ~ ‘l 00|mV[ = 5V| 


Response Time for Various 
Input Overdrives -tpHL 

| Input Overdrive = 1 Q0'mV| V$ = 5V| 


Response Time for Various 
Input Overdrives 

[input Overdrive = 100|mV[ V s = 5V| 


■3 ° 20 mVr 

Sr 2.0M0mVf 

o , J 5mvf 


£ 12.0 - - 1 ■ 
o -p 20 mV-- 
Z"' 9.0 10 mV-* 

!>°6.oT; 


Time (/is) 

Input Overdrive Referenced to Vos 


0:4 8 12 16 

Time (^s) 

Input Overdrive Referenced to Vos 


04 8 12 16 

Time (pis) 

Input Overdrive Referenced to Vos 


Response Time for Various 
Input Overdrives — tpm_ 

[input 0verdrive= 100 mVl V s = 5V| 


6.0 — 20 mV-f 
I 10 mV-r 


Time (^ts) 

Input Overdrive Referenced to Vos 


Input Bias Current vs 
Common Mode Voltage 



Common Mode Voltage (V) 


Input Bias Current vs 

Common Mode Voltage 

, .. . 


0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

Common Mode Voltage (V) 


Input Bias Current vs 
Common Mode Voltage 



0 123456789 101112131415 
Common Mode Voltage (V) 


Input Bias Current vs 
Temperature 



35 45 55 65 75 85 

Case Temperature (°C) 
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Application Information 

1.0 Benefits of the LMC7211 Tiny 
Comparator 

Size. The small footprint of the SOT 23-5 packaged Tiny 
Comparator, (0.120 x 0.118 inches, 3.05 x 3.00 mm) saves 
space on printed circuit boards, and enable the design of 
smaller electronic products. Because they are easier to car- 
ry, many customers prefer smaller and lighter products. 
Height. The height (0.056 inches, 1.43 mm) of the Tiny 
Comparator makes it possible to use it in PCMCIA type III 
cards. 

Simplified Board Layout. The Tiny Comparator can simpli- 
fy board layout in several ways. First, by placing a compara- 
tor where comparators are needed, instead of routing sig- 
nals to a dual or quad device, long pc traces may be avoid- 
ed. 

By using multiple Tiny Comparators instead of duals or 
quads, complex signal routing and possibly crosstalk can be 
reduced. 

DIPs available for prototyping. LMC7211 comparators 
packaged in conventional 8-pin dip packages can be used 
for prototyping and evaluation without the need to use sur- 
face mounting in early project stages. 

Low Supply Current. The typical 7 /x A supply current of the 
LMC721 1 extends battery life in portable applications, and 
may allow the reduction of the size of batteries in some 
applications. 

Wide Voltage Range. The LMC7211 is characterized at 
15V, 5V and 2.7V. Performance data is provided at these 
popular voltages. This wide voltage range makes the 
LMC721 1 a good choice for devices where the voltage may 
vary over the life of the batteries. 

Digital Outputs Representing Signal Level. Comparators 
provide a high or low digital output depending on the voltage 
levels of the (+) and (-) inputs. This makes comparators 
useful for interfacing analog signals to microprocessors and 
other digital circuits. The LMC721 1 can be thought of as a 
one-bit a/d converter. 

Push-Pull Output. The push-pull output of the LMC721 1 is 
capable of both sourcing and sinking milliamp level currents 
even at a 2.7 volt supply. This can allow the LMC721 1 to 
drive multiple logic gates. 

Driving LEDs (Light Emitting Diodes). With a 5 volt power 
supply, the LMC7211’s output sinking current can drive 
small, high efficiency LEDs for indicator and test point cir- 
cuits. The small size of the Tiny package makes it easy to 
find space to add this feature to even compact designs. 
Input range to Beyond Rail to Rail. The input common 
mode range of the LMC721 1 is slightly larger than the actu- 
al power supply range. This wide input range means that the 
comparator can be used to sense signals close to the pow- 
er supply rails. This wide input range can make design easi- 
er by eliminating voltage dividers, amplifiers, and other front 
end circuits previously used to match signals to the limited 
input range of earlier comparators. This is useful to power 
supply monitoring circuits which need to sense their own 
power supply, and compare it to a reference voltage which 


is close to the power supply voltage. The wide input range 
can also be useful for sensing the voltage drop across a 
current sense resistor for battery chargers. 

Zero Crossing Detector. Since the LMC7211’s common 
mode input range extends below ground even when pow- 
ered by a single positive supply, it can be used with large 
input resistors as a zero crossing detector. 

Low Input Currents and High Input Impedance. These 
characteristics allow the LMC721 1 to be used to sense high 
impedance signals from sensors. They also make it possible 
to use the LMC721 1 in timing circuits built with large value 
resistors. This can reduce the power dissipation of timing 
circuits. For very long timing circuits, using high value resis- 
tors can reduce the size and cost of large value capacitors 
for the same R-C time constant. 

Direct Sensor Interfacing. The wide input voltage range 
and high impedance of the LMC721 1 may make it possible 
to directly interface to a sensor without the use of amplifiers 
or bias circuits. In circuits with sensors which can produce 
outputs in the tens to hundreds of millivolts, the LMC721 1 
can compare the sensor signal with an appropriately small 
reference voltage. This may be done close to ground or the 
positive supply rail. Direct sensor interfacing may eliminate 
the need for an amplifier for the sensor signal. Eliminating 
the amplifier can save cost, space, and design time. 

2.0 Low Voltage Operation 

Comparators are the common devices by which analog sig- 
nals interface with digital circuits. The LMC721 1 has been 
designed to operate at supply voltages of 2.7V without sac- 
rificing performance to meet the demands of 3V digital sys- 
tems. 

At supply voltages of 2.7V, the common-mode voltage 
range extends 200 mV (guaranteed) below the negative 
supply. This feature, in addition to the comparator being 
able to sense signals near the positive rail, is extremely use- 
ful in low voltage applications. 
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TL/H/1 2337-5 

FIGURE 1. Even at Low-Supply Voltage of 2.7V, an Input 
Signal which Exceeds the Supply Voltages Produces No 
Phase Inversion at the Output 

At V+ = 2.7V propagation delays are tpi_H = 4 /is and 
tpHL = 4 fxs with overdrives of 100 mV. 

Please refer to the performance curves for more extensive 
characterization. 


i 
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Application Information (Continued) 


3.0 Shoot-Through Current 

The shoot-through current is defined as the current surge, 
above the quiescent supply current, between the positive 
and negative supplies of a device. The current surge occurs 
when the output of the device switches states. The shoot- 
through current results in glitches in the supply voltages. 
Usually, glitches in the supply lines are prevented by bypass 
capacitors. When the glitches are minimal, the value of the 
bypass capacitors can be reduced. 


—TLTL 



FIGURE 2. Circuit for Measurement of the 
Shoot-Through Current 



TL/H/ 12337-7 

FIGURE 3. Measurement of the Shoot-Through Current 


From Figure 3, the shoot-through current for the LMC721 1 
can be calculated to be 0.2 mA (typical), and the duration is 
1 jus. The values needed for the bypass capacitors can be 
calculated as follows: 



The capacitor needs to supply 100 picocolumb. To avoid 
large shifts in the comparator threshold due to changes in 
the voltage level, the voltage drop at the bypass capacitor 
should be limited to 100 mV or less. 

The charge needed (100 picocolumb) and the allowable 
voltage drop (1 00 mV) will give us the minimum capacitor 
value required. 

AQ = C (AV) 

C = AQ/AV = 100 picocolumb/ 100 mV 

C = 10-1 0/1 0-1 = 10-9 = 1 nF = 0.001 /xF 

10-9 = 1 nF = 0.001 jllF 

The voltage drop of ~ 100 mV will cause a threshold shift in 
the comparator. This threshold shift will be reduced by the 
power supply rejection ratio, (PSRR). The PSRR which is 
applicable here is not the DC value of PSRR (-80 dB), but 
a transient PSRR which will be usually about 20 dB-40 dB, 
depending on the circuit and the speed of the transient. This 
will result in an effective threshold shift of about 1 mV to 
10 mV. 

For precision and level sensing circuits, it is generally a 
good goal to reduce the voltage delta on the power supply 
to a value equal to or less than the hysteresis of the com- 
parator circuit. If the above circuit was to be used with 
50 mV of hysteresis, it would be reasonable to increase the 
bypass capacitor to 0.01 /xF to reduce the voltage delta to 
1 0 mV. Larger values may be useful for obtaining more ac- 
curate and consistent switching. 

Note that the switching current of the comparator can 
spread to other parts of the board as noise. The bypass 
capacitor reduces this noise. For low noise systems this 
may be reason to make the capacitor larger. 

For non-precision circuits, such as using a comparator to 
determine if a push-button switch is on or off, it is often 
cheaper and easier to use a larger value of hysteresis and a 
small value or bypass capacitance. The low shoot-through 
current of the LMC721 1 can allow the use of smaller and 
less expensive bypass capacitors in non-critical circuits. 

4.0 Output Short Circuit Current 

The LMC721 1 has short circuit protection of 40 mA. Howev- 
er, it is not designed to withstand continuous short circuits, 
transient voltage or current spikes, or shorts to any voltage 
beyond the supplies. A resistor in series with the output 
should reduce the effect of shorts. For outputs which send 
signals off PC boards additional protection devices, such as 
diodes to the supply rails, and varistors may be used. 

5.0 Hysteresis 

If the input signal is very slow or very noisy, the comparator 
output might trip several times as the input signal passes 
through the threshold. Using positive feedback to add hys- 
teresis to the switching can reduce or eliminate this prob- 
lem. The positive feedback can be added by a high value 
resistor (Rp). This will result in two switching thresholds, one 
for increasing signals and one for decreasing signals. A ca- 
pacitor can be added across Rp to increase the switching 
speed and provide more short term hysteresis. This can re- 
sult in greater noise immunity for the circuit. 

See Figures 4, 5 and 6. 
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Application Information (Continued) 

Note that very heavy loading of the comparator output, such 
as LED drive or bipolar logic gates, will change the output 
voltage and shift the voltage thresholds. 



TL/H/12337-9 

Rp > Ri and 
R F > R 2 

FIGURE 4. Positive Feedback for Hysteresis 


Without Positive Feedback 
(No Hysteresis) 



TL/H/ 12337- 10 

FIGURE 5 


With Positive Feedback 
(Hysteresis or Memory) 



TL/H/ 12337- 11 

FIGURE 6 


6.0 Input Protection 

If input signals are like to exceed the common mode range 
of the LMC721 1 , or it is likely that signals may be present 
when power is off, damage to the LMC721 1 may occur. 
Large value (100 kft to M Cl) input resistors may reduce the 
likelihood of damage by limiting the input currents. Since the 
LMC721 1 has very low input leakage currents, the effect on 
accuracy will be small. Additional protection may require the 
use of diodes, as shown in Figure 7. Note that diode leak- 
age current may affect accuracy during normal operation. 
The R-C time constant of Rin and the diode capacitance 
may also slow response time. 


v + 



TL/H/12337-12 

FIGURE 7 

7.0 Layout Considerations 

The LMC721 1 is not an especially fast comparator, so high 
speed design practices are not required. The LMC721 1 is 
capable of operating with very high impedance inputs, so 
precautions should be taken to reduce noise pickup with 
high impedance (~ 100 kn and greater) designs and in 
electrically noisy environments. 

Keeping high value resistors close to the LMC721 1 and min- 
imizing the size of the input nodes is a good practice. With 
multilayer designs, try to avoid long loops which could act 
as inductors (coils). Sensors which are not close to the 
comparator may need twisted pair or shielded connections 
to reduce noise. 

8.0 Open Drain Output, Dual and 
Quad Versions 

The LMC7221 is a comparator similar to the LMC7211, but 
with an open drain output which allows the output voltage to 
be different (higher or lower) than the supply voltage. The 
open drain output is like the open collector output of a logic 
gate. This makes the LMC7221 very useful for mixed volt- 
age systems. Many systems will have different voltages for 
the analog and microprocessor sections. Please see the 
LMC7221 datasheet for details. 

The performance of the LMC721 1 is available in dual devic- 
es. Please see the LMC6762 datasheet for details on a dual 
push-pull output device. For a dual device with open drain 
outputs, please see the LMC6772 datasheet. 
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Application Information (Continued) 

Rail-to-Rail Input Low Power Comparators— 


Push-Pull Output 

LMC7211 Tiny, SOT23-5, DIP Single 

LMC6762 SO-8, DIP Dual 

Open Drain Output 

LMC7221 Tiny, SOT23-5, DIP Single 

LMC6772 SO-8, DIP Dual 


9.0 Additional SOT23-5 Tiny 
Devices 

National Semiconductor has additional parts available in the 
space saving SOT23 Tiny package, including amplifiers, 
voltage references, and voltage regulators. These devices 
include — 


LMC7101 1 MHz gain-bandwidth rail-to-rail input and out- 
put amplifier— high input impedance and high 
gain 700 jutA typical current 2.7V, 3V, 5V and 15V 
specifications. 

LMC7111 Low power 50 kHz gain-bandwidth rail-to-rail in- 
put and output amplifier with 25 jaA typical cur- 
rent specified at 2.7V, 3.0V, 3.3V, 5V and 10V. 

LM7131 Tiny Video amp with 70 MHz gain bandwidth 3V, 
5V and ± 5 V specifications. 

LP2980 Micropower SOT 50 mA Ultra Low-Dropout Reg- 
ulator. 

LM4040 Precision micropower shunt voltage reference. 

Fixed voltages of 2.500V, 4.096V, 5.000V, 
8.192V and 10.000V. 

LM4041 Precision micropower shut voltage reference 
1 .225V and adjustable. 

Contact your National Semiconductor representative for the 

latest information. 


10.0 Spice Macrombdel 

A Spice Macromodel is available for the LMC721 1 compara- 
tor on the National Semiconductor Amplifier Macromodel 
disk. Contact your National Semiconductor representative 
to obtain the latest version. 


REEL DIMENSIONS 




8 mm 

7.00 

330.00 

0.059 

1.50 

0.512 

13.00 

0.795 

20.20 

2.165 

55.00 

0.331 + 0.059/— 0.000 
8.40 + 1.50/— 0.00 

0.567 

14.40 

W1+ 0.078/— 0.039 
W1 + 2.00/- 1.00 

Tape Size 

A 

B 

C 

D 

N 

W1 

W2 

W3 
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LMC7221 



National Semico 


ndu 


LMC7221 

Tiny CMOS Comparator with 
Drain Output 


General Description 

The LM7221 is a micropower CMOS comparator available 
in the space saving SOT23-5 package. This makes this 
comparator ideal for space and weight critical designs. For 
easy prototyping, the LMC7221 is available in a convention- 
al 8-pin DIP package. The LMC7221 is supplied in two offet 
voltage grades, 4 mV and 9 mV. 

The open drain output can be pulled up with a resistor to a 
voltage which can be higher or lower than the supply volt- 
age — this makes the part useful for mixed voltage systems. 
For a tiny comparator with a push-pull output, please see 
the LMC721 1 datasheet. 


ADVANCE INFORMATION 

c tor 


Rail-To-Rail Input and Open 


Features 

■ Tiny SOT 23-5 package saves space 

■ Package is less than 1 .43 mm thick 

■ Guaranteed specs at 2.7 V, 5V, 15V supplies 

■ Typical supply current 10 fiA at 5V 

■ Response time of 7 >s at 5V 

■ LMC7221— open drain output 

■ Input common-mode range beyond V— and V+ 

■ Low input current 

Applications 

■ Mixed voltage battery powered products 

■ Notebooks and PDAs 

■ PCMCIA cards 

■ Mobile communications 

■ Alarm and security circuits 

■ Driving low current LEDs 

■ Direct sensor interface 


Connection Diagrams 


8-Pin DIP 


5-Pin SOT23-5 



NC 

V + 

OUTPUT 

NC 


TL/H/1 2346-1 



Ordering Information 


Package 

Ordering 

NSC Drawing 

Package 

Transport 

Information 

Number 

Marking 

Media 

8-Pin DIP 

LMC7221AIN 

N08E 

LMC7221 AIN 

Rails 

8-Pin DIP 

LMC7221BIN 

N08E 

LMC7221BIN 

Rails 

5-Pin SOT 23-5 

LMC7221 AIM5 

MA05A 

C01A 

250 Units on Tape and Reel 

5-Pin SOT 23-5 

LMC7221BIM5 

MA05A 

C01B 

250 Units on Tape and Reel 

5-Pin SOT 23-5 

LMC7221 AIM5X 

MA05A 

C01 A 

3k Units Tape and Reel 

5-Pin SOT 23-5 

LMC7221BIM5X 

MA05A 

C01B 

3k Units Tape and Reel 
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National Semiconductor 


LP31 1 Voltage Comparator 


General Description 

The LP31 1 is a low power version of the industry-standard 
LM311. It takes advantage of stable high-value ion-implant- 
ed resistors to perform the same function as an LM31 1 , with 
a 30:1 reduction in power drain, but only a 6:1 slowdown of 
response time. Thus the LP31 1 is well suited for battery- 
powered applications, and all other applications where fast 
response is not needed. It operates over a wide range of 
supply voltages from 36V down to a single 3V supply, with 
less than 200 jaA drain, but it is still capable of driving a 25 
mA load. The LP31 1 is quite easy to apply without any oscil- 
lation, if ordinary precautions are taken to minimize stray 
coupling from the output to either input or to the balance 
pins (as described in the LM311 datasheet Application 
Hints). 


Features 

■ Low power drain, 900 jutW on 5V supply 

■ Operates from ± 1 5V or a single supply as low as 3V 

■ Output can drive 25 mA 

■ Emitter output can swing below negative supply 

■ Response time: 1 .2 jas 

■ Same pin-out as LM31 1 

■ Low input currents: 2 nA of offset, 1 5 nA of bias 

■ Large common-mode input range: -14.6V to 13.6V 
with ± 1 5V supply 

Applications 

■ Level-detector for battery-powered instruments 

■ Low-power lamp or relay driver 

■ Low-power zero-crossing detector 


Schematic Diagram 

BALANCE/ 



Connection Diagram 


Dual-ln-Line Package 



Order Number LP311M or LP311N 
See NS Package Numbers M08A or N08E 


Top View 


TL/H/5711-4 
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LP311 


Power Dissipation (Note 2) 

Output Short Circuit Duration 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

T otal Supply Voltage (Ve_ 4 ) 36V 

Collector Output to Negative Supply Voltage (V 7 . 4 ) 40V 
Collector Output to Emitter Output 40V 

Emitter Output to Negative Supply Voltage (Vi . 4 ) ± 30V 

Differential Input Voltage ± 30V 

Input Voltage (Note 1 ) ± 1 5V 


Electrical Characteristics 

These specifications apply for V§ = ±15V and 0°C ^ Ta ^ 70°C, unless otherwise specified. 


500 mW 
10 sec 
0°C to 70°C 
-65°C to 150°C 
260°C 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Input Offset Voltage (Notes 3, 4) 

T a = 25°C, R s ^100k 


2.0 

7.5 

mV 

Input Offset Current (Notes 3, 4) 

T a = 25°C 


2.0 

25 

nA 

Input Bias Current (Note 3) 

T a =25°C 


15 

100 

nA 

Voltage Gain 

T a = 25°C, R L = 5k 

40 

200 


V/mV 

Response Time (Note 5) 

T a =25°C 


1.2 


jas 

Saturation Voltage (Note 6 ) 

V|n —10 mV, Iout = 25 mA 
Ta=25°C 


0.4 


V 

Strobe Current (Note 7) 

T a =25°C 

100 

200 

300 

fxA 

Output Leakage Current 

V|n^ 10 mV, Vout = 35V 

T a = 25°C 


0.2 


nA 

Input Offset Voltage (Notes 3, 4) 

Rs^lOOk 



10 

mV 

Input Offset Current (Notes 3, 4) 




35 

nA 

Input Bias Current (Note 3) 




150 

nA 

• 

Input Voltage Range 


V- -1-0.5 

+ 13.7, -14.7 

V+— 1.5 

V 

Saturation Voltage (Note 6 ) 

V+:>4.5V,V-=0V 

V|N<i — 10 mV, IsiNK^ 1 -6 mA 


0.1 

0.4 

V 

Positive Supply Current 

T a = 25°C, Output on 


150 

300 

jiA 

Negative Supply Current 

T a = 25°C 


80 

180 

jiA 

Minimum Operating Voltage 

T a = 25°C 


3.0 

3.5 

V 


Note 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is equal to the 
negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temperature of the LP31 1 is 85°C. For operating at elevated temperatures, devices in the dual-in-line package must be derated 
based on a thermal resistance of 160°C/W, junction to ambient. 

Note 3: The offset voltage, offset current and bias current specifications apply for any supply voltage from a single 4 V supply up to ± 15V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with 1 mA load. Thus, these 
parameters define an error band and take into account the worst-case effects of voltage gain and input impedance. 

Note 5: The response time specified is for a 100 mV input step with 5 mV overdrive. 

Note 6: Saturation voltage specification applies to collector-emitter voltage (V7-1) for Vcollector ^ (V+ - 3V). 

Note 7: This specification gives the range of current which must be drawn from the strobe pin to ensure the output is properly disabled. Do not short the strobe pin 
to ground. It should be current driven, 100 ju,A to 300 juA. 
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£ Typical Performance Characteristics (Continued) 


Supply Current 

' I TA=25°C I 


0 5 10 15 20 25 30 

SUPPLY VOLTAGE (V) 


Supply Current 


n 



400 

LY 



? 300 

u/ 



t— 

2 




1 200 
o 




= 100 

POSITIVE AND 
NEGATIVE SUPPLY " 
OUTPUT HIGH 

CO 

0 


POSITIVE SUPPLY 
_ OUTPUT LOW 


POSITIVE AND 
NEGATIVE SUPPLY 
OUTPUT HIGH 


0 10 20 30 40 50 60 70 

TEMPERATURE (°C) 


Leakage Currents 
I — i — t — — — — — r 

V$= ±15 


OUTPUT 
VOUT = 35 V 


2530 35 40 45 50 55 60 65 70 
TEMPERATURE (°C) 


Applications Information 

For applications information and typical applications, refer to the LM31 1 datasheet. 

Auxiliary Circuits 

Strobing 

2^ 


01 1__TTL 
2N2222 A J STROBE 


Offset Balancing 



Note: Do not ground strobe pin. 

Test Circuits 

Test Circuit 1 (Collector Output) 
+15V V+ 

,1 d> 


Test Circuit 2 (Emitter Output) 

+15V 


“ -i5v zr 


4 


Test Circuit 3 (Collector Output) 

V+ no, r 5V 
I 0.01 /iF I 




Test Circuit 4 (Emitter Output) 

Vh 


V- 
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National Semiconductor 


LP339 Ultra-Low Power Quad Comparator 


General Description 

The LP339 consists of four independent voltage compara- 
tors designed specifically to operate from a single power 
supply and draw typically 60 juA of power supply drain cur- 
rent over a wide range of power supply voltages. Operation 
from split supplies is also possible and the ultra-low power 
supply drain current is independent of the power supply volt- 
age. These comparators also feature a common-mode 
range which includes ground, even when operated from a 
single supply. 

Applications include limit comparators, simple analog-to-dig- 
ital converters, pulse, square and time delay generators; 
VCO’s; multivibrators; high voltage logic gates. The LP339 
was specifically designed to interface with the CMOS logic 
family. The ultra-low supply current makes the LP339 valu- 
able in battery powered applications. 

Advantages 

■ Ultra-low power supply drain suitable for battery appli- 
cations 


Schematic and Connection Diagrams 


v + 



TL/H/5226-1 


Typical Applications <v+= 5.0 vdc) 

Basic Comparator 


v + 



TL/H/5226-3 


■ Single supply operation 

■ Sensing at ground 

■ Compatible with CMOS logic family 

■ Pin-out identical to LM339 

Features 

■ Ultra-low power supply current drain (60 ju.A) — indepen- 
dent of the supply voltage (75 jutW/comparator at 
+ 5 Vdc ) 

■ Low input biasing current 3 nA 

■ Low input offset current ± 0.5 nA 

■ Low input offset voltage ±2 mV 

■ Input common-mode voltage includes ground 

■ Output voltage compatible with MOS and CMOS logic 

■ High output sink current capability (30 mA at 
V 0 =2V DC ) 

■ Supply Input protected against reverse voltages 


OUTPUT 3 OUTPUT 4 GND INPUT 4 + INPUT 4 - INPUT 3 + INPUT 3 - 



TOP VIEW 

TL/H/5226-2 

Order Number LP339M for S.O. Package 
See NS Package Number M14A 

Order Number LP339N for Dual-ln-Line Package 
See NS Package Number N 1 4A 


Driving CMOS 


v + 



TL/H/5226-4 



3-149 


LP339 




LP339 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage 36 Vdc or ± 1 8 Vdc 

Differential Input Voltage ±36 Vdc 

Input Voltage - 0.3 Vpc to 36 Vdc 

Power Dissipation (Note 1) Molded DIP 570 mW 

Output Short Circuit to GND (Note 2) Continuous 


Input Current Vin < - 0.3 Vdc (Note 3) ; 50 mA 

Operating T emperature Range 0°C to + 70°C 

Storage T emperature Range - 65° to + 1 50°C 

Soldering Information: * 

Dual-In-Line Package (10 sec.) ±260°C 

S.O. Package: 

Vapor Phase (60 sec.) +215°C 

Infrared (15 sec.)'’ 8 ' + 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


Electrical Characteristics <v+ - 5 v DC , Note 4) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Input Offset Voltage 

T a = 25°C (Note 9) 


±2 

±5 

mVpc 

Input Bias Current 

llN(+)or I|n(~) with the 

Output in the Linear Range, T A = 25°G (Note 5) 


2.5 

25 

nApc 

Input Offset Current 

I|n(+)-I|n(~). Ta = 25°C 


±0.5 

±5 

nApc 

Input Common 

Mode Voltage Range 

T a = 25°C (Note 6) 

0 


V+-I.3 

Vdc 

Supply Current 

R|_= Infinite on all Comparators, T A = 25°C 


60 

100 

Mdc 

Voltage Gain 

Vo - 1 Vqc to 11 Vpc, 

R L = 15 kft, V+ = 15 V DC , T a = 25°C 


500 


V/mV 

Large Signal 

Response Time 

V|n = TTL Logic Swing, V R ef= 1-4 Vpc. 

Vrl= 5V dc , R L =5.1 kaT A = 25 b C 


1.3 


juSec 

Response Time 

Vrl= 5 V dc , R|_=5.1 kft, T A =25°C (Note 7) 


8 


jaSec 

Output Sink Current 

V|N(-) = 1 V DC , V| N ( + ) = 0, V 0 = 2 V DC , 

T a = 25°C (Note 11) 

15 

30 


mApc 


Vq = 0.4 Vdc 


0.70 


mApc 

Output Leakage Current 

V| N (+) = 1 v DC> V| N (— ) = o, V 0 = 5 V DC , T A = 25°C 


0.1 


nApc 

Input Offset Voltage 

(Note 9) 



±9’ 

mV D c 

Input Offset Current 

T 

z 

7 

z 


±1 

±15 

nA D c 

Input Bias Current 

l|N(+) or *in( _ ) with Output in Linear Range 


4 

40 

nA D c 

Input Common 

Mode Voltage Range 

Single Supply 



VH — 2.0 

Vdc 

Output Sink Current 

Vin(-)=i v dc , v in (+)=o, v 0 =2V D c 

10 



itiAdc 

Output Leakage Current 

Vin( +)=1 Vdc, v,n( -) = 0, Vo = 30 v DC 



1.0 

Mdc 

Differential Input Voltage 

All ViN’s^O Vdc (or V- on split supplies) (Note 8) 



36 

Vdc 


Note 1: For elevated temperature operation, Tj max is 125°C for the LP339. 0j a (junction to ambient) is 175°C/W for the LP339N and 120°C/W for the LP339M 
when either device is soldered in a printed circuit board in a still air environment. The low bias dissipation and the “ON-OFF” characteristic of the outputs keeps the 
chip dissipation very small (Pq ^ 100 mW), provided the output transistors are allowed to saturate. 


Note 2: Short circuits from the output to V+ can cause excessive heating and eventual destruction. The maximum output current is approximately 50 mA. 

Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP 
transistors becoming forward biased and thereby acting as input clamp diodes. In addition to this diode action, there i^ also lateral NPN parasitic transistor action 
on the 1C chip. This transistor action can cause the output voltage of the comparators to go to the V+ voltage level (or to ground for a large input overdrive) for the 
time duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which is negative, again 
returns to a value greater than -0.3 Vqc 0a=25°C). 

Note 4: These specifications apply for V+ =5 Vdc and 0 °C^Ta^ 70° C, unless otherwise stated. The temperature extremes are guaranteed but not 100% 
production tested. These parameters are not used to calculate outgoing AQL. 

Note 5: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, independent of the state of the output, so 
no loading change exists on the reference or the input lines as long as the common-mode range is not exceeded. 

Note 6: The input common-mode voltage or either input voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode 
voltage range is V+ -1.5V (Ta- 25°C), but either or both inputs can go to 30 Vqc without damage. 

Note 7: The response time specified is for a 100 mV input step with 5 mV overdrive. For larger overdrive signals 1 .3 jus can be obtained. See Typical Performance 
Charapteristics section. 
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Electrical Characteristics <v+ =s v DC , Note 4> (continued) 

Note 8: Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the common-mode range, the 
comparator will provide a proper output state. The low input voltage state must not be less than -0.3 Vqc (or 0.3 Vqc below the magnitude of the negative power 
supply, if used) at Ta=25°C. 

Note 9: At output switch point, Vo = 1.4V, R s =0ft with V+ from 5 V D c; and over the full input common-mode range (0 Vdc to V + -1.5 Vdc)- 

Note 10: For input signals that exceed V+, only the overdriven comparator is affected. With a 5V supply, Vin should be limited to 25V maximum, and a limiting 

resistor should be used on all inputs that might exceed the positive supply. 

Note 11: The output sink current is a function of the output voltage. The LP339 has a bi-modal output section which allows it to sink large currents via a Darlington 
connection at output voltages greater than approximately 1.5 Vqc and sink lower currents below this point. (See typical characteristics section and applications 
section). 


Typical Performance Characteristics 


Supply Current 



0 10 20 30 40 

SUPPLY VOLTAGE (Vdc) 


Input Current 

— i — i — i — r~ 

-V|N(CM)=0Vdc 
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Application Hints 

All pins of any unused comparators should be grounded. 
The bias network of the LP339 establishes a drain current 
which is independent of the magnitude of the power supply 
voltage over the range of from 2 Vpc to 30 Vpc- 
It is usually unnecessary to use a bypass capacitor across 
the power supply line. 

The differential input voltage may be larger than V+ without 
damaging the device. Protection should be provided to pre- 
vent the input voltages from going negative more than -0.3 
Vpc (at 25°C). An input clamp diode can be used as shown 
in the application section. 

The output section of the LP339 has two distinct modes of 
operation-a Darlington mode and a grounded emitter mode. 
This unique drive circuit permits the LP339 to sink 30 mA at 
Vo =2 Vpc (Darlington mode) and 700 jmA at Vq = 0.4 V D c 
( grounded emitter mode). Figure 1 is a simplified schematic 
diagram of the LP339 output section. 



Notice that the output section is configured in a Darlington 
connection (ignoring Q3). Therefore, if the output voltage is 
held high enough (Vq^I Vpc). Q1 is not saturated and the 
output current is limited only by the product of the betas of 
Q1 , Q2 and II (and the 60ft Rsat of Q2). The LP339 is thus 
capable of driving LED’s, relays, etc. in this mode while 
maintaining an ultra-low power supply current of typically 

60 fx A. 

If transistor Q3 were omitted, and the output voltage al- 
lowed to drop below about 0.8 Vpc, transistor Q1 would 
saturate and the output current would drop to zero. The 
circuit would, therefore, be unable to ‘pull’ low current loads 
down to ground (or the negative supply, if used). Transistor 
Q3 has been included to bypass transistor Q1 under these 
conditions and apply the current II directly to the base of 
Q2. The output sink current is now approximately II times 
the beta of Q2 (700 juA at Vo =0.4 Vpc). The output of the 
LP339 exhibits a bi-modal characteristic with a smooth tran- 
sition between modes. (See Output Sink Current graphs in 
Typical Performance Characteristics section.) 

It is also important to note that in both cases the output is 
an uncommitted collector. Therefore, many collectors can 
be tied together to provide an output OR’ing function. An 
output pull-up resistor can be connected to any available 
power supply voltage within the permitted power supply 
voltage range and there is no restriction on this voltage due 
to the magnitude of the voltage which is applied to the V+ 
terminal of the LP339 package. 


- TL/H/5226-11 

FIGURE 1 

Typical Applications <v+ =15 v DC ) 

One-Shot Multivibrator 
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Typical Applications (Continued) (Single Supply) 



Comparator With 60 mA Sink Capability 



Non-Inverting Comparator with Hysteresis 


Inverting Comparator with Hysteresis 


v + 



Comparing Input Voltages 
of Opposite Polarity 


Basic Comparator 


v+ 


v + 



Output Strobing 


v + 





TL/H/5226-28 
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CO 

CO 


Typical Applications (Continued) (Single Supply) 


Transducer Amplifier 

v+ 


MAGNETIC 

PICKUP 


Zero Crossing Detector (Single Power Supply) 




Split-Supply Applications 
Zero Crossing Detector 


Comparator With a Negative Reference 



TL/H/5226-33 TL/H/5226-34 
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N a tional 


Semiconductor 


LM6104 

Quad Gray Scale Current Feedback Amplifier 


General Description 

The LM61 04 quad amplifier meets the requirements of bat- 
tery operated liquid crystal displays by providing high speed 
while maintaining low power consumption. 

Combining this high speed with high integration, the 
LM6104 conserves valuable board space in portable sys- 
tems with a cost effective, surface mount quad package. 
Built on National’s advanced high speed VIPtm (Vertically 
Integrated PNP) process, the LM6104 current feedback ar- 
chitecture is easily compensated for speed and loading con- 
ditions. These features make the LM6104 ideal for buffering 
grey levels in liquid crystal displays. 


Features (Typical unless otherwise noted) 

■ Low power Is = 875 ju,A/amplifier 

■ Slew rate 100V/jas 

■ -3dB bandwidth (Rp = 1 kfl) 30 MHz 

■ High output drive ±5V into 100ft 

■ Wide operating range Vs - 5V to ±12V 

■ High integration Quad surface mount 

Applications 

■ Grey level buffer for liquid crystal displays 

■ Column buffer for portable LCDs 

■ Video distribution amplifiers, video line drivers 

■ Hand-held, high speed signal conditioning 


Typical Application 


LCD Buffer Application for Grey Levels 



TL/H/1 1979-1 


Connection Diagram 


OUTPUT 1 

INVERTING INPUT 1 
NON-INVERTING 
INPUT 1 
V+ 

NON-INVERTING 
INPUT 2 
INVERTING INPUT 2 

OUTPUT 2 



4 


3 


Order Number LM6104M 
See NS Package Number M14A 


TL/H/1 1979-2 


\ 

\ 
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Absolute Maximum Ratings (Note d 

If Military/Aerospace specified devices are required, 

please contact the National Semiconductor Sales 

Office/Distributors for availability and specifications. 
Supply Voltage 24V 

Differential I nput Voltage ± 6 V 

Input Voltage ± Supply Voltage 

Inverting Input Current 1 5 mA 

Soldering Information 

Vapor Phase (60s) 215°C 

Infrared (15s) 220°C 


Storage Temperature Range - 6 
Maximum Junction Temperature 
ESD Rating (Note 2) 

Operating Ratings 

Supply Voltage Range 
Junction Temperature Range (Note 3) 
LM6104M 


- 65°C <: Tj ^ -M50°C 
150°C 
2000V 


4.75V to 24V 


20° <; Tj £ + 80°C 


Electrical Characteristics 

The following specifications apply for V+ = 8V, V- = -5V, R[_ - Rf - 2 kft and 0° ^ Tj ^ 60°C unless otherwise noted. 



Conditions 


Typical 
(Note 4) 



Input Offset Voltage 


Inverting Input Bias Current 


8 c , f > ; i a fTTCf>nIT«iTiT»i m -i f: uieflriY- ! i 


Supply Current 
Output Source Current 


Output Sink Current 


Positive Output Swing 


Negative Output Swing 
Power Supply Rejection Ratio 




V 0 = 0V 


Vq = 0V 

l|N(_) = — 1 00 /xA 


V 0 = ov 

l| N (-) = 100 fxA 


*IN(— ) = ~ 1 00 fiA 


l| N (— ) = 100 /xA 


V s = ±4 to ±10V 


100 mV pp @ 100 kHz 


A v = -1 

Rin = Rf = 2 k ft 


Common Mode Voltage Range 
Common Mode Rejection Ratio 


Settling Time 


R L = 2 kH 
F = 1 MHz 


0.05%, 5V Step, A v = -1 
R f = Rs = 2kn,V s = ±5V 



Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its rated operating conditions. Operating ratings indicate conditions the device is intended to be functional, but device parameter specifications 
may not be guaranteed under the conditions. 

Note 2: Human body model 1.5 kft and 100 pF. This is a class 2 device rating. 

Note 3: Thermal resistance of the SO package is 98°C/W. When operating at T A = 80°C, maximum power dissipation is 700 mW. 

Note 4: Typical values represent the most likely parametric norm. 

Note 5: All limits guaranteed at operating temperature extremes. 

Note 6: Ay = -1 with Rin = Rf = 2 kft. Slew rate is calculated from the 25% to the 75% point on both rising and falling edges. Output swing is -0.6V to +5.6V 
and 5.6V to 0.6V. 
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Applications Information 

CURRENT FEEDBACK TOPOLOGY 

The small-signal bandwidth of conventional voltage feed- 
back amplifiers is inversely proportional to the closed-loop 
gain based on the gain-bandwidth concept. In contrast, the 
current feedback amplifier topology, such as the LM6104, 
enables a signal bandwidth that is relatively independent of 
the amplifier’s gain (see typical curve Frequency Response 
vs Closed Loop Gain). 

FEEDBACK RESISTOR SELECTION: R F 

Current feedback amplifier bandwidth and slew rate are 
controlled by R F . Rf and the amplifier’s internal compensa- 
tion capacitor set the dominant pole in the frequency re- 
sponse. The amplifier, therefore, always requires a feed- 
back resistor, even in unity gain. 


Bandwidth and slew rate are inversely proportional to the 
value of R F (see typical curve Frequency Response vs Rp). 
This makes the amplifier especially easy to compensate for 
a desired pulse response (see typical curve Large Signal 
Pulse Response). Increased capacitive load driving capabili- 
ty is also achieved by increasing the value of R F . 

The LM6104 has guaranteed performance with a feedback 
resistor of 2 kn. 

CAPACITIVE FEEDBACK 

It is common to place a small lead capacitor in parallel with 
feedback resistance to compensate voltage feedback am- 
plifiers. Do not place a capacitor across Rp to limit the band- 
width of current feedback amplifiers. The dynamic imped- 
ance of capacitors in the feedback path of the LM6104, as 
with any current feedback amplifier, will cause instability. 
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National Semiconductor 


LM8305 — STN LCD Display Bias Voltage Source 


General Description 

The LM8305M contains five buffered voltage sources to 
provide the voltage ratios required to drive a standard STN 
LCD display panel using a time-multiplexed voltage wave- 
form to activate, or deactivate, a pixel once every picture 
frame. The internal resistor array features a binary weighted 
array to allow the user to select the proper ratio for the 
display being driven. The user can use an external resistor 
to set the ratio, if desired. 

The LM8305 has a maximum operating supply voltage of 
50V to support higher multiplexing rates. 

The LM8305 also features an internal high side PNP switch, 
and an independent voltage comparator with an internal 
bandgap reference. 


Features 

■ High operating voltages, 50 V maximum 

■ Internal resistor array with binary weightihg 

■ Ratios from 1 /6 to 1 /37 

■ Optional external resistors 

■ High-side PNP switch from Vcc 

■ Separate voltage comparator circuit with band-gap volt- 
age reference 

■ Surface mount 24-pin package 


Typical Application 

j— EE] __r— I k 

y | ■ " Logic - " ■ 

O— | On/Off* 



H 


| 1 RX5 

' 1 RX6 








— rp- 
t*£ST 


V cc = 34V Typical 

— f o 

Ji'OuF 


h ? 


32V Typical 

— e o 

J^O^F 


1 


30V Typical 

-O 


10 uF 


28V Typical 

— f O 

poAtr 


4V Typical 

O 


T 10 MF 


2V Typical 

— f O 

JTo^f 



Connection Diagram 

Gnd — 


24 

“ V CC 

On/Off — 

2 

23 

— Switch Out 

V C2 — 

3 

22 

V REF 1 

V IN2 “ 

4 

21 

V REF2 

RX1 — 

5 

20 

— V0 

RX2 — 

6 

19 

— VI 

RX3 — 

7 

18 

— V2 

RX4 — 

8 

17 

— V3 

RX5 — 

9 

16 

— V4 

RX6 — 

10 

15 

— Reset 

V C1 " 

11 

14 

— VSense 

Gnd- 

12 

13 

™ V DD 


TL/H/1 2345-2 


Top View 


See NS Package Number M24B 
Order Number LM8305M 


v dd = 5V T yp ical 

o 


TL/H/1 2345-1 


LM8305 






LMC6008 



National Semiconductor 


LMC6008 
8 Channel Buffer 


General Description 

The LMC6008 octal buffer is designed for use in an active 
matrix liquid-crystal display (AM LCD), specifically to buffer 
the gray-level voltages going to the inputs of the column 
driver integrated circuits. In an 8-gray-level (512 color) or 
16-gray-level (4096 color) AMLCD, the function of the col- 
umn drivers is to switch the gray-level voltage inputs to the 
AMLCD columns. Thus, the voltage buffers must be able to 
drive the column capacitance of the entire display panel. 
The LMC6008 AC characteristics, including settling time, 
are specified for a capacitive load of 0.1 jmF for this reason. 
The LMC6008 contains 4 high-speed buffers and 4 low- 
power buffers. The high-speed buffers can provide an out- 
put current of at least 250 mA (minimum), and the low-pow- 
er buffers can provide at least 150 mA (minimum). The high- 
speed buffers are intended to be used for the highest gray- 
level voltages (VO, VI, V2, V3 in an 8-gray AMLCD). By 
including the 2 types of buffers, the LMC6008 is able to 
provide this function while consuming a supply current of 
only 6.5 mA (maximum). The buffers are a rail-to-rail design, 
which typically swing to within 30 mV of either supply. 


Connection Diagram 


24-Pin SO 



Top View 

Note: Buffers 1 , 3, 5 and 7 are High Speed and 
Buffers 2, 4, 6 and 8 are Low Speed. 


GND 

OUT 1 

0UT2 

0UT3 

0UT4 

NC 

PGND 

0UT5 

0UT6 

0UT7 

0UT8 

GND 


The LMC6008 also contains a standby function which puts 
the buffer into a high-impedance mode. The supply current 
in the standby mode is a low 500 jutA max. Also, a thermal 
limit circuit is included to protect the device from overload 
conditions. 

Features 

■ High Output Current: 

High Speed Buffers 250 mA min 

Low Power Buffers 150 mA min 

■ Slew Rate: 

High Speed Buffers 1.7 V/jas 

Low Power Buffers 0.85V/jus 

■ Settling Time, Cl = 0.1 ju,F 16 juts max 

■ Wide Input/Output Range 0.1V to Vcc ~ 0.1V min 

■ Supply Voltage Range 5V to 16V 

■ Supply Current 6.5 mA max 

■ Standby Mode Current 500 jutA 


Applications 

■ AMLCD voltage buffering 

■ Multi-voltage buffering 


Ordering Information 

Package 

Temperature Range 
— 40°C to + 85°C 

NSC 

Drawing 

Transport 

Media 

24-Pin 

LMC6008IM 

M24B 

Rail 

Surface Mount 

LMC6008IMX 

M24B 

Tape & Reel 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


ESD Tolerance (Note 2) 
Voltage at Input Pin 
Voltage at Output Pin 
Supply Voltage (V+ - V“) 
Lead Temperature 
(soldering, 10 sec.) 

Storage Temperature Range 
Junction Temperature (Note 4) 
Power Dissipation (Note 4) 


2000V 

V+ + 0.4V, V- - 0.4V 
V+ + 0.4V, V- - 0.4V 
16V 

260°C 

— 55°C to -f 150°C 
150°C 
Internally Limited 


Operating Ratings (Notei) 

Supply Voltage 
Temperature Range 
Thermal Resistance (Oja) 

M Package, 24-Pin Surface Mount 


4.5V £ V+ <: 16V 
— 20°C to + 100°C 

50°C/W 


DC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C, Vcc = 14.5V and R[_ = 0. 


Symbol 


Parameter 


Conditions 


Vos 

Ay 

Jb 

•lp 


Input Offset Voltage 
Vp = IQVpp 
Input Bias Current 
Peak Load Current 


•lp 


Peak Load Current 


V ERR 


V| H 


V| L 


JlH 

jlL 

Ip (STD-BY) 

Jcc 

•STP-BY 

PSRR 

Vo 


Output Voltage Difference 
(Note 9) 

Standby Logic 
High Voltage 

•standby Logic 
Low Voltage 

Standby High Input Current 
Standby Low Input Current 
Output Leakage Current 
Supply Current 
Standby Current 
Power Supply Rejection Ratio 
Voltage Output Swing 


R s = 10 kH 


Hi Speed Buffers 
V 0 = 13 V PP 


Lo Speed Buffers 
V Q = 13 V PP 


Vstd-by = High 
V| L = Low, V| N = 7.25V 

Vstd-by = High 

5V < V C c < 14.5V 


Typ 

(Note 5) 


LMC6008 
Limit 
(Note 6) 

25 

0.985 
300 
-250 
+ 250 
-150 
+ 150 


Units 


mV max 
V/V 
nA max 
mA max 
mA min 
mA max 
mA min 


35 


mV max 


3.30 


V min 


1.80 


1.0 

1.0 

5 

6.5 

500 

55 

0.1 

VCC ~ 0-1 


V max 


jaA max 
fiA max 
/jlA max 
mA max 
jjlA max 


LMC6008 

































LMC6008 


AC Electrical Characteristics 

Unless otherwise specified, ail limits guaranteed for Tj = 25°C, Vcc f= 14.5V and Rl = Oft. 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LMC6008 
Limit 
(Note 6) 

Units 

SR 

Slew Rate 

Buffers 1 , 3, 5, 7 (Note 3) 


1.70 

V/jas min 



Buffers 2, 4, 6, 8 (Note 3) 


0.85 

V/ju,s min 

ts 

Settling Time 

(Notes 3, 7) 


16 

juts max 

tON 

Standby Response Time ON 



10 

jLts max 

tOFF 

Standby Response Time OFF 



10 


PBW 

Power Bandwidth 

Vq = 10 Vppfor Hi-Speed 

Vq = 5 Vpp for Lo-Speed 
(Note 3) 


45 


C L 

Load Capacitance 



0.1 

juF max 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating ratings indicate conditions for which the device is 
intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 
Note 2: Human body model, 1.5 kft in series with 100 pF. 

Note 3: The Load is a series Connection of a 0.1 ju.F capacitor and a 1ft resistor. 

Note 4: The maximum power dissipation is a function of Tj( max )> #ja> and t a- The maximum allowable power dissipation at any ambient temperature is 
p D = (Tj(rnax) - Ta)/0ja. where the junction-to-ambient thermal resistance 0ja = 50°C/W. If the maximum allowable power dissipation is exceeded, the thermal 
limit circuit will limit the die temperature to approximately 160°C. All numbers apply for packages soldered directly into a PC board. 

Note 5: Typical Values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: The settling time is measured from the input transition to a point 50 mV of the final value, for both rising and falling transitions. The input swing is 0.5V to 
13.5V for buffers 1, 3, 5, 7 and 3.75V to 10.25V for buffers 2, 4, 6, 8. Input rise time should be less than 1 ju,s. 

Note 8: High-Speed Buffers are 1, 3, 5, 7 and Low-Speed Buffers are 2, 4, 6, 8. 

Note 9: Output Voltage Difference is the difference between the highest and lowest buffer output voltage when all buffer inputs are at identical voltages. 
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National Semiconductor 


DH0006/DH0006C* Current Drivers 


General Description 

The DH0006/ DH0006C is an integrated high voltage, high 
current driver designed to accept standard DTL or TTL logic 
levels and drive a load of up to 400 mA at 28V. AND inputs 
are provided along with an Expander connection, should ad- 
ditional gating be required. The addition of an external ca- 
pacitor provides control of the rise and fall times of the out- 
put in order to decrease cold lamp surges or to minimize 
electromagnetic interference if long lines are driven. 

Since one side of the load is normally grounded, there is 
less likelihood of false turn-on due to an inadvertent short in 
the drive line. 


Features 

■ Operation from a Single -MOV to +45 Power Supply 

■ Low Standby Power Dissipation of only 35 mW for 28V 
Power Supply 

■ 1 .5A, 50 ms, Pulse Current Capability 


•Previously called NH0006/NH0006C 


Schematic and Connection Diagrams 


1 



OUTPUT 



Top View 


TL/K/10120-2 


Order Number DH0006H or DH0006CH 
See NS Package Number HI OF 


TL/K/10120-1 
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DH0006/DH0006C 






DH0006/DH0006C 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Peak Power Supply Voltage (for 0. 1 sec) 60V 

Continuous Supply Voltage 45V 

Input Voltage 5.5V 

Electrical Characteristics (Note d 


Input Extender Current 5.0 mA 

Peak Output Current (50 ms On/1 sec Off) 1 .5A 

Operating Temperature 

DH0006 — 55°Cto + 125°C 

DH0006C 0°Cto+70°C 

Storage T emperature - 65°C to + 1 50°C 


Conditions 

Logical “1 " Input Voltage Vcc = 45V to 1 0V 2.0 

Logical “0” Input Voltage Vcc = 45V to 10V 

Logical “1” Output Voltage Vcc = 28V, Vin = 2.0V, Iout = 400 mA 26.5 

Logical “0” Output Voltage Vcc = 45V, v in = 0.8V, Rl = Ik 

Logical “1” Output Voltage Vcc = 10V. v iN - 2.0V, Iqut ~ 150 mA 

Logical “0” Input Current Vcc = 45V, Vin = 0.4V 

Logical “1” Input Current Vcc = 45V, Vin = 2.4V 

VCC = 45V, V| N = 5.5V 

“Off” Power Supply Current Vcc = 45V, Vin = 0.8V 

“On” Power Supply Current Vcc = 45V, Vin = 2.0V, Iout = 0 mA 

Rise Time V C c = 28V, R L = 82H 0.10 

Fall Time 0.8 

Ton . 026 

Tpff I 2.2 

Note 1: Unless otherwise specified, limits shown apply from -55°C to + 125°C for DH0006 and 0°C to +70°C for DH0006C. 
Note 2: Typical values are for 25°C ambient. 

Note 3: Power ratings for the TO-5 based on a maximum junction temperature of + 175°C and 0ja of 210°C/W. 


Typ 

(Note 2) 



Switching Time Waveforms 



Max 

Units 



0.8 



V 

0.01 




-1.0 

mA 



5 - 









TIME Ots) SUPPLY CURRENT (mA) SUPPLY VOLTAGE (V) 


Typical Performance Characteristics 


Maximum Continuous Output 
Current for TO-5 



0 200 400 600 800 

MAXIMUM CONTINUOUS OUTPUT CURRENT (mA) 


Input Threshold Voltage 
vs Temperature 


. GUARANTEED LOGICAL 
"1" INPUT VOLTAGE MIN ] 


£ , n I GUARANTEED LOGICAL _ 

5 I "0" INPUT VOLTAGE MAX N 


-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (°C) 


Logical “0” Input Current 



20 30 40 

SUPPLY VOLTAGE (V) 


“OFF” Supply Current Drain 


nma 

IE3KZM 


“ON” Supply Current Drain 


Turn On and Rise Time 


300 ["TURN ON TIME- 


10 20 30 40 50 

SUPPLY VOLTAGE (V) 


20 30 40 

SUPPLY VOLTAGE (V) 


RISE TIME V ^ 10 ns 


-75 -50 -25 0 25 50 75 100 125 
TEMPERATURE (°C) 


Turn Off and Fall Time 

4.0 1 , 1 r— 

Vcc = 28V II 

-r l =68a n® 

3.0 -C L = 10pF 1 

V, N = 3.0V PULSE 

'^ 10 "n ~yr\ 


75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Output Saturation Voltage 


4T A = -55°C 


1 A* ^ . PULSE CONDITION 
£^2;^_.t on = i.os6c_ 

T OFF = 10sec 

'IXl-YL-'-- -I- -I- T - 


200 400 600 800 1000 

OUTPUT CURRENT, l 10 _ 6 , (mA) 


Available Output Current 


= 125°C f PULSE CONDITION 
"lyW — 1 ms "ON" 1 — 
— W — 100 ms "OFF" — 

»yK. I i i | | 

ftr i tr ii 

T c = -55«C 

I I I 


10 20 30 40 50 

SUPPLY VOLTAGE, V^, (V) 


Turn Off Control 


_ 

~ 

“ 





*f = 

10ns 






v cc = 

Rl = i 

28V 

6&a 


E 



Ta = : 
Cl = 

25°C 

10 pF 



H OpFXCrxaoopfXJ | 

0 50 100 150 200 250 

TIME Ois) 


Turn On Control 


rnmi 



0 2.0 4.0 6.0 8.0 10 

TIME 0*s) 
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Typical Applications 


Relay Driver Lamp Driver with Expanded Inputs 
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National Semiconductor 


DH0034 

High Speed Dual Level Translator 


General Description 


Features 


The DH0034 is a high speed level translator suitable for ■ Fast switching, t pc io: typically 15 ns; t pc ji: typically 35 ns 


interfacing to MOS or junction FET analog switches. It may 
also be used as a universal logic level shifter capable of 
accepting TTL/DTL input levels and shifting to CML, MOS, 
or SLT levels. 


■ Large output voltage range: 25V 

■ Input is TTL/DTL compatible 

■ Low output leakage: typically 0.1 juA 


Schematic and Connection Diagrams 



y 2 Circuit Shown 


Dual-ln-Line Package 



Top View 

Order Number DH0034D-MIL 
or DH0034CD 

See NS Package Number D14D 
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DH0034 



DH0034 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Vcc Supply Voltage 7.0V 

Negative Supply Voltage - 30V 

Positive Supply Voltage + 25 V 

Differential Supply Voltage 25 V 

Maximum Output Current 1 00 mA 

Power Dissipation (Note 4) 

Electrical Characteristics (See Notes 1 and 2) 


Input Voltage 

Operating Temperature Range 
DH0034D-MIL 
DH0034CD 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 


+ 5.5V 

— 55°C to + 125°C 
0°Cto +85°C 
— 65°Cto 150°C 
300°C 


Parameter 

Conditions 

DH0034 

Units 

Min 

Typ 

Max 

Logical “1" 

Input Voltage 

Vcc = 4.5V 

V CC = 4.75V 

2.0 




Logical “0” 

Input Voltage 

V CC = 5.5V 

V CC = 5.25 V 



0.8 


Logical “1” 

Input Current 

V C c = 5.5V, V| N = 2.4V 

V C c = 5.25V, V| N = 2.4V 



40 


Logical “1” 

Input Current 

V C c = 5.5V, V| N = 5.5V 

V C c = 5.25V, V| N = 5.5V 



1.0 

mA 

Logical “0” 

Input Current 

V C c = 5.5V, V| N = 0.4V 

V C c = 5.25V, V| N = 0.4V 



-1.6 

mA 

Power Supply 

Current 

Logic “0” 

V C c = 5.5V, V| N = 4.5V 

V C c = 5.25V, V| N = 4.5V 
(Note 3) 

■ 

30 

38 

mA 

Power Supply 

Current 

Logic “1” 

V CC = 5.5V, V| N = 0V 

V C c = 5.25V, V| N = 0V 
(Note 3) 


37 

48 

mA 

Logical “0” 

Output Voltage 

V C c = 4.5V, louT = 100 mA 

Vcc = 4.5V, louT = 50 mA 



V- + 0.50 

V 

Output Leakage 
Current 

V C c = 5.5V, V iN = 0.8V 

V+ - V- = 25 V 


0.1 

5.0 

jutA 

Transition Time to 
Logical “0” 

V C c = 5.0V, V 3 = 0V, T a = 25°C 

V- = 25V, R L = 51 OH 


15 

25 

ns 

Transition Time to 
Logical “1” 

V CC = 5.0V, T A = 25°C 

V- = -25V, R l = 510H 


35 

75 

ns 


Note 1: The specifications apply over the temperature range -55°C to + 125°C for the DH0034D-MIL and over the temperature range 
DH0034CD with a 510ft resistor connected between output and ground, and V - connected to -25V, unless otherwise specified. 

Note 2: All typical values are for Ta = 25°C. 

Note 3: Current measured is total drawn from V c c supply. 

Note 4: Power rating for the Cavity DIP based on a maximum junction temperature of 175°C and 0 ja = 180°C/W. 


-25°C to +85°C for 
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Theory of Operation 

When both inputs of the DH0034 are raised to logic “1 ”, the 
input AND gate is turned “on” allowing Q1 ’s emitter to be- 
come forward biased. Q1 provides a level shift and constant 
output current. The collector current is essentially the same 
as the emitter which is given by 


v cc ~ Vbe 

R1 

Approximately 7.0 mA flows out of Ql’s collector. 

About 2 mA of Q1 ’s collector current is drawn off by pull 
down resistor, R2. The balance, 5 mA, is available as base 
drive to Q2 and to charge its associated Miller capacitance. 
The output is pulled to within a Vsat of V~. When either (or 
both) input to the DH0034 is lowered to logic “0”, the AND 
gate output drops to 0.2V turning Q1 off. Deprived of base 
drive Q2 rapidly turns off causing the output to rise to the V3 
supply voltage. Since Q2’s emitter operates between 0.6V 
and 0.2V, the speed of the DH0034 is greatly enhanced. 

Applications Information 

1. Paralleling the Outputs 

The outputs of the DH0034 may be paralleled to increase 
output drive capability or to accomplish the “wire OR”. In 
order to prevent current hogging by one output transistor or 
the other, resistors of 2fl/100 mA value should be inserted 
between the emitters of the output transistors and the minus 
supply. 


2. Recommended Output Voltage Swing 

The graph shows boundary conditions which govern proper 
operation of the DH0034. The range of operation for the 
negative supply is shown on the X axis and must be 
between -3V and -25V. The allowable range for the pos- 
itive supply is governed by the value chosen for V~. V+ 
may be selected by drawing a vertical line through the se- 
lected value for V~ and terminated by the boundaries of the 
operating region. For example, a value of V~ equal to -6V 
would dictate values of V+ between — 5V and -M9V. In 
general, it is desirable to maintain at least 5V difference 
between the supplies. 



-24 -18 -12 -6 0 

NEGATIVE SUPPLY VOLTAGE (-V) 


TL/K/10122-6 


Switching Time Waveforms 
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Typical Applications 

5 MHz Analog Switch 



TL/K/10122-4 


TTL to IBM (SLT) Logic Levels 

5V 



TL/K/ 101 22-5 




National Semicondu 


ct or 


DH0035/DH0035C 
PIN Diode Driver 

General Description 

The DH0035/ DH0035C is a high speed digital driver de- 
signed to drive PIN diodes in RF modulators and switches. 
The device is used in conjunction with an input buffer such 
as the DM7830/DM8830 or DM5440/DM7440. 

Features 

■ Large output voltage swing— 30V 

■ Peak output current in excess of 1A 

■ Inputs TTL/DTL compatible 


■ Short propagation delay — 10 ns 

■ High repetition rate — 5 MHz 

The DH0035/ DH0035C is capable of driving a variety of PIN 
diode types including parallel, serial, anode grounded and 
cathode grounded. For additional information, see AN-49 
PIN Diode Drivers. 

The DH0035 is guaranteed over the temperature range 
— 55°C to + 1 25°C whereas the DH0035C is guaranteed 
from 0°C to +85°C. 


Schematic and Connection Diagrams 


Metal Can Package 



Order Number DH0035G-MIL or DH0035CG 
See NS Package Number G12B 
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DH0035/DH0035C 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

V - Supply Voltage Differential (Pin 5 to Pin 1 or 2) 40V 

V + Supply Voltage Differential (Pin 1 or 2 to Pin 8 or 9) 30V 
Input Current (Pin 3 or 7) ± 75 mA 

Peak Output Current ± 1 .0A 

Electrical Characteristics (Notes 1 and 2) 


Power Dissipation (Note 3) 

Storage Temperature Range 
Operating Temperature Range 
DH0035 
DH0035C 

Lead Temperature (Soldering, 10 sec.) 


1.5W 

— 65°C to + 1 50°C 

— 55°C to + 1 25°C 
0°C to +85°C 
300°C 



Input Logic “1 ” Threshold 


Input Logic “0” Threshold 


Positive Output Swing 


Negative Output Swing 


Positive Short Circuit Current 


Negative Short Circuit Current V|n = 1 .5V, Iin = 50 mA, R|_ = OH 

(Pulse Test, Duty Cycle ^ 3%) 

Turn-On Delay Vin = 1.5V, Vqut = — 3V 

Turn-Off Delay V| N = 1.5V, Vqut = +3V 

On Supply Current Vin = 1 .5V 

Note 1: Unless otherwise specified, these specifications apply for V + = 10.0V, V~ 
the DH0035, and 0°C to + 85°C for the DH0035C. 

Note 2: All typical values are for Ta = 25°C. 

Note 3: Derate linearly at 10 mW/°C for ambient temperatures above 25°C. 


Vqut = -8V,r l = loon 


Vqut = +8V,R L = loon 


Iout — 1 00 mA 


IquT ~ 1 00 mA 


V| N = ov, r l = on 

(Pulse Test, Duty Cycle ^ 3%) 



- 1 0.0V, pin 5 grounded, over the temperature range - 55°C to + 1 25°C for 


Typical Applications 


Grounded Cathode Design 


1/2 DM8830 

■"J" 




Ht — ZL 

ci -±r 

250 pF ” 


0.1 /xF ~ 


Note: Cathode grounded PIN diode: R p - 62a limits diode forward current to 100 mA. Typical switching for 
HP33604A, RF turn-on 25 ns, turn-off 5 ns. C2 = 250 pF, R p = 0a, Cl = 0.1 F. 
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Typical Applications (Continued) 


Grounded Anode Design 


V + = 10V 


LOGIC 

INPUT 


5.0V 





Note: Anode Grounded PIN diode: = 56ft limits diode forward current to 100 mA. Typical switching for 

HP33622A, RF turn-on 5 ns; turn-off 4 ns. Cl = 470 pF, C2 = 0.1 pF, R^ = Oft. 


TL/K/10124-4 


Alternate Current Limiting 
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National Semiconductor 


LH0094 Multifunction Converter 


General Description 

The LH0094 multifunction converter generates an output 
voltage per the transfer function: 

/V z\m 

E o = v y J , 0.1 m continuously adjustable 

m is set by 2 resistors. 

Features 

■ Low cost 

■ Versatile 

■ High accuracy -0.05% 

■ Wide supply range- ±5V to ±22V 


■ Minimum component count 

■ Internal matched resistor pair for setting m=2 and 
m = 0.5 

Applications 

■ Precision divider, multiplier 

■ Square root 

■ Square 

■ Trigonometric function generator 

■ Companding 

■ Linearization 

■ Control systems 

■ Log amp 


Block and Connection Diagrams 


Dual-In-Line Package 


A3- V + V B V x A1- GNO V A V z 



E o V Y V C A4- V" Ra RCOMMON r B 
TOP VIEW 


Simplified Schematic 
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Absolute Maximum Ratings (Note d 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage ± 22 V 

Input Voltage ± 22 V 

Output Short-Circuit Duration Continuous 

Electrical Characteristics 


Operating Temperature Range 
LH0094CD 

Storage Temperature Range 
LH0094CD 
Lead Temperature 
(Soldering, 1 0 seconds) 


-25°C to +85°C 


— 55°Cto + 1 25°C 


Vs = ±15V, Ta = 25°C unless otherwise specified. Transfer function: Eq = Vy -77-; 0.1 ^ m ^ 10; OV ^ Vx, Vy, 

Vx 

LH0094C 

Min Typ Max 


ACCURACY 


V z ^ 10V 


Multiply 

Eq = V Z Vy (0.03 <; Vy <; 1 0 V; 0.0 1 <; V z ^ 1 0 V) 




% F.S. 

Untrimmed 

(Figure 2) 


0.45 

0.9 

(10 V) 

External Trim 

(Figure 3) 


0.1 


% F.S. 


vs. Temperature 


0.2 


mV/°C 

Divide 

E o =10V z /V x 





Untrimmed 

(Figure 4), 0.5 ^ V x <: 1 0; 0.01 <; V z ^ 1 0) 


0.45 

0.9 

% F.S. 

External Trim 

(Figure 5), (0.1 <;V X ^10; 0.01 <;V Z £10) 


0.1 


% F.S. 


vs. Temperature 


0.2 


mV/°C 

Square Root 

E o =1(WVz7i0 





Untrimmed 

(Figure 8), (0.03<;V Z ^10 


0.45 

0.9 

% F.S. 

External Trim 

(Figure 9), (0.01 <:V Z <:10 


0.15 


% F.S. 

Square 

E 0 = 10 (V z / 10)2 ( 0.1 ^V z ^10) 





Untrimmed 

(Figure 6) 

1.0 

2.0 

% F.S. 


External Trim 

(Figure 7) 

0.15 


% F.S. 


Low Level 

E o =Vl0V z ; 5.0mV^V z <;i0V, (Figure 10) 


0.05 


% F.S. 

Square Root 






Exponential 

m = 0.2, E 0 = 1 0 (V z / 1 0)2 (Figure 1 1), (0. 1 <; V z <: 1 0) 


0.08 


% F.S. 

Circuits 

m = 5.0, E o =10(V z /10)5 (Figure 11), (1.0^V Z ^10) 


0.08 


% F.S. 


OUTPUT OFFSET 


AC CHARACTERISTICS 


3 dB Bandwidth 
Noise 


Vx=10V,V Y =Vz=0 


m = 1.0, V X =10V, Vy=0.1 V rms 

1 0 Hz to 1 .0 kHz, m = 1 .0, Vy = V z = OV 

V X =10V 

V X =0.1V 



EXPONENT 





Input Voltage 
Input Impedance 


(For Rated Performance) 
(All Inputs) 




Output Swing 

(R L ^10k) 

10 

12 


V 

Output Impedance 



1.0 


ft 

Supply Current 

(V S =±15V) (Note 1) 


3.0 

5.0 

mA 


Note 1: Refer to RETS0094D drawing for specifications of the military LH00940 version. 
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LH0094 


Applications Information 

GENERAL INFORMATION 

Power supply bypass capacitors (0.1 julF) are recommended 
for all applications. 

The LH0094 series is designed for positive input signals 
only. However, negative input up to the supply voltage will 
not damage the device. 

A clamp diode (Figure 1 ) is recommended for those applica- 
tions in which the inputs may be subjected to open circuit or 
negative input signals. 

For basic applications (multiply, divide, square, square root) 
it is possible to use the device without any external adjust- 
ments or components. Two matched resistors are provided 
internally to set m for square or square root. 

When using external resistors to set m, such resistors 
should be as close to the device as possible. 

SELECTION OF RESISTORS TO SET m 
Internal Matched Resistors 

Ra and Rb are matched internal resistors. They are 
100ft ±10%, but matched to 0.1%. 

(a)m=2* 


(b) m = 0.5* 



TL/H/5695-2 

*No external resistors required, strap as indicated 

External Resistors 

The exponent is set by 2 external resistors or it may be 

+ R2£ 500ft. 


TL/H/5695-3 


continuously varied by a single trim pot. (R1 
(a)m=1 


k — ii — i 3 




R2 

m R1 + R2 


R1+R2- 200ft 


(c)m>1 



R1+R2 
m_ R2 

TL/H/5695-4 


ACCURACY (ERROR) 

The accuracy of the LH0094 is specified for both externally 
adjusted and unadjusted cases. 

Although it is customary to specify the errors in percent of 
full-scale (10V), it is seen from the typical performance 
curves that the actual errors are in percent of reading. Thus, 
the specified errors are overly conservative for small input 
voltages. An example of this is the LH0094 used in the mul- 
tiplication mode. The specified typical error is 0.25% of full- 
scale (25 mV). As seen from the curve, the unadjusted error 
is ~ 25 mV at 1 0V input, but the error is less than 1 0 mV for 
inputs up to IV. Note also that if either the multiplicand or 
the multiplier is at less than 10V, (5V for example) the unad- 
justed error is less. Thus, the errors specified are at full- 
scale— the worst case. 

The LH0094 is designed such that the user is able to exter- 
nally adjust the gain and offset of the device — thus trim out 
all of the errors of conversion. In most applications, the gain 
adjustment is the only external trim needed for super accu- 
racy — except in division mode, where a denominator offset 
adjust is needed for small denominator voltages. 

EXPONENTS 

The LH0094 is capable Of performing roots to 0.1 and pow- 
ers up to 10. However, care should be taken when applying 
these exponent — otherwise, results may be misinterpreted. 
For example, consider the y 10 th power of a number: i.e., 
0.001 raised to 0.1 power is 0.5011; 0.1 raised to the 0.1 
power is 0.7943; and 10 raised to the 0.1 power is 1.2589. 
Thus, it is seen that while the input has changed 4 decades, 
the output has only changed a little more than a factor of 2. 
It is also seen that with as little as 1 mV of offset, the output 
will also be greater than zero with zero input. 
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Applications Information (Continued) 

1. CLAMP DIODE CONNECTION 






Note. This clamp diode connection is 
recommended for those applications 
in which the inputs may be subject to 
open circuit or negative signals. 


2. MULTIPLY 


rIGURE 1. Clamp Diode Connection 




FIGURE 2a. LH0094 Used to Multiply (No External Adjustment) FIGURE 2b. Typical Performance of 

LH0094 in Multiply Mode Without 
External Adjustment 


01 

1N914 



V* 


Eo 


VyVz 

10 


m=1 


Trim Procedure 

Set V 2 = V Y =10V 

Adjust R2 until output = 10.000V 


TL/H/5695-5 


FIGURE 3. Precision Multiplier (0.02% Typ) with 1 External Adjustment 
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LH0094 





LH0094 


Applications Information (Continued) 

3. DIVIDE di 




FIGURE 4a. LH0094 Used to Divide (No External Adjustment) 


FIGURE 4b. Typical Performance, 
Divide Mode, 



4. SQUARE 



• TL/H/5695-6 

FIGURE 6a. Basic Connection of LH0094 (m = 2) without FIGURE 6b. Squaring Mode without 

External Adjustment Using Internal Resistors to Set m External Adjustment 
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Applications Information (Continued) 


4. SQUARE (Continued) 


D1 

1N914 


5. SQUARE ROOT 




FIGURE 8a. Basic Connection of LH0094 (m - 0.5) 
without External Adjustment Using Internal Resistors 
to Set m 



o 0.1 1 10 

vz(v) 

FIGURE 8b. Typical Performance Curve Square Root, 
No External Adjustment 
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LH0094 


Applications Information (Continued) 

6. LOW LEVEL SQUARE ROOT 



FIGURE 10. 3-Decade Precision Square Root Circuit Using the LH0094 with m= 1 


Typical Applications 


D1 

1N914 




m=— — — ; Choose R1 =20017 
R1+R2 

.'.R2=50ft 



TL/H/5695-8 

m = Choose R2 = 50ft 
^ .\R1= 200ft 


FIGURE 1 1 . Precision Exponentiator (m = 0.2 to 5) 
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Typical Applications (Continued) 


(m = 1) R 



Note. The LH0094 may be used to generate a voltage equivalent to: 
VO— VVl2 + V2^ 


VI 2 

V0 = V2+ 

V0 + V2 

V02 + V0 V2 = V2 V0 + V22 + V12 


V02 = V12 + V22 

V0=Wl2 + V22 VI, V2 0 -► 10V 

R = 10k 


National Semiconductor resistor array RA08 — 1 0k is recommended 


FIGURE 12. Vector Magnitude Function 


(m = 1) (m=1) 



V T 


Note. The LH0094 may be used in direct measurement of gas flow. 
/PAP 
V T 


Flow = 


Eo=io£x^ 
Vt e 0 


Eq2=10 


VpVAP 

VT 


E 0 = JlO 




VPVap 

VT 


P= Absolute pressure 
T = Absolute temperature 
AP= Pressure drop 


TL/H/5695-9 


FIGURE 13. Mass Gas Flow Circuit 


i 
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LH0094 


Typical Applications (Continued) 




TL/H/5695-10 


Note. The LH0094 may also be used to generate the Log 
of a ratio of 2 voltages. The output is taken from pin 14 of 
the LH0094 for the Log application. 


ELOG = K1^-/n~ 

q V x 


where K1 


R1+R2 

R2 


If K1 = 


1 

KT/q/nlO 


then E L oG = Log 10 r^ 

Vx 

R1 = 15.9 R2 
R2 ~ 400ft 

R2 must be a thermistor with a tempco of ~ 0.33 %/°C to 
be compensated over temperature. 

FIGURE 14. Log Amp Application 
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National Semiconductor 


LM194/LM394 Supermatch Pair 


General Description 

The LM194 and LM394 are junction isolated ultra well- 
matched monolithic NPN transistor pairs with an order of 
magnitude improvement in matching over conventional tran- 
sistor pairs. This was accomplished by advanced linear pro- 
cessing and a unique new device structure. 

Electrical characteristics of these devices such as drift ver- 
sus initial offset voltage, noise, and the exponential relation- 
ship of base-emitter voltage to collector current closely ap- 
proach those of a theoretical transistor. Extrinsic emitter 
and base resistances are much lower than presently avail- 
able pairs, either monolithic or discrete, giving extremely low 
noise and theoretical operation over a wide current range. 
Most parameters are guaranteed over a current range of 
1 jmA to 1 mA and OV up to 40V collector-base voltage, 
ensuring superior performance in nearly all applications. 

To guarantee long term stability of matching parameters, 
internal clamp diodes have been added across the emitter- 
base junction of each transistor. These prevent degradation 
due to reverse biased emitter current — the most common 
cause of field failures in matched devices. The parasitic iso- 
lation junction formed by the diodes also clamps the sub- 
strate region to the most negative emitter to ensure com- 
plete isolation between devices. 

The LM194 and LM394 will provide a considerable improve- 
ment in performance in most applications requiring a closely 


matched transistor pair. In many cases, trimming can be 
eliminated entirely, improving reliability and decreasing 
costs. Additionally, the low noise and high gain make this 
device attractive even where matching is not critical. 

The LM194 and LM394/LM394B/LM394C are available in 
an isolated header 6-lead TO-5 metal can package. The 
LM394/LM394B/LM394C are available in an 8-pin plastic 
dual-in-line package. The LM194 is identical to the LM394 
except for tighter electrical specifications and wider temper- 
ature range. 

Features 

■ Emitter-base voltage matched to 50 ju,V 

■ Offset voltage drift less than 0.1 jmV/°C 

■ Current gain (hpE) matched to 2% 

■ Common-mode rejection ratio greater than 120 dB 

■ Parameters guaranteed over 1 juA to 1 mA collector 
current 

■ Extremely low noise 

■ Superior logging characteristics compared to 
conventional pairs 

■ Plug-in replacement for presently available devices 


Typical Applications 


Low Cost Accurate Square Root Circuit 

■out = 10-5.,/iovSi 


Low Cost Accurate Squaring Circuit 
|QUT= 10-6(V, n )2 


30 pF 



INPUT 

0<V IN <+10V 



30 pF 


REGULATED 

TL/H/9241-2 


“Trim for full scale accuracy 
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LM194/LM394 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 4) 

Collector Current 20 mA 

Collector-Emitter Voltage Vmax 

Collector-Emitter Voltage 35V 

LM394C 20 V 

Collector-Base Voltage 35V 

LM394C 20V 

Collector-Substrate Voltage 35V 

LM394C 20V 

Collector-Collector Voltage 35V 

LM394C 20V 

Electrical Characteristics (Tj - 25°c> 

Base-Emitter Current ± 1 0 mA 

Power Dissipation 500 mW 

Junction Temperature 

LM194 — 55°C to + 1 25°C 

LM394/LM394B/LM394C -25°Cto +85°C 

Storage T emperature Range - 65°C to + 1 50°C 

Soldering Information 

Metal Can Package (1 0 sec.) 260°C 

Dual-In-Line Package (1 0 sec.) 260°C 

Small Outline Package 

Vapor Phase (60 sec.) 21 5°C 

Infrared (15 sec.) 220°C 

See AN-450 “Surface Mounting and their Effects on Prod- 
uct Reliability” for other methods of soldering surface 
mount devices. 

Parameter 

Conditions 

LM194 

LM394 

LM394B/394C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Current Gain (hpE) 

Vcb = 0V to Vmax (Note 1) 












lc = 1 mA 

350 

700 


300 

700 


225 

500 




l c = 100 p,A 

350 

550 


250 

550 


200 

400 




l c = 10 jaA 

300 

450 


200 

450 


150 

300 




lc = 1 ju-A 

200 

300 


150 

300 


too 

200 



Current Gain Match, 

Vcb = ov to v M ax 











(hpE Match) 

lc = 10 jut A to 1 mA 


0.5 

2 


0.5 

4 


1.0 

5 

% 

_ 100 [AI B ] [hpE(MiN)] 
lc 

lc = 1 JU-A 


1.0 



1.0 



2.0 


% 

Emitter-Base Offset 

Vcb == 0 















■l»M 






200 

JLtV 

Voltage 

lc = 1 /aA to 1 mA 



Hi 








Change in Emitter-Base 

(Note 1) 

91 



■ 



■ 




Offset Voltage vs 

lc = 1 ju-A to 1 mA, 

■ 



■ 




10 



Collector-Base Voltage 

Vcb = ov to Vmax 










(CMRR) 


1 



1 



■ 




Change in Emitter-Base 

> 

o 

II 

m 

£ 

■ 



■ 



■ 

5 



Offset Voltage vs 

lc = 1 julA to 0.3 mA 










r v 

Collector Current 


H 



■ 



■ 




Emitter-Base Offset 

lc = 1 0 jaA to 1 mA (Note 2) 


0.08 

0.3 


0.08 

1.0 


0.2 

1.5 

juV/°C 

Voltage Temperature 

•ci = >C2 











Drift 

Vos Trimmed to 0 at 25°C 


0.03 

0.1 



0.3 


0.03 

0.5 

JLtV/°C 

Logging Conformity 

lc = 3 nA to 300 julA, 




| 

1 H 





julV 


Vcb = 0, (Note 3) 





mm 






Collector-Base Leakage 

Vcb = Vmax 


0.05 

0.25 







nA 

Collector-Collector 

Vcc = Vmax 


0.1 

2.0 





0.1 

IBM 

nA 

Leakage 








91 


ni 


Input Voltage Noise 

l C = 1Q0 .jliA.Vcb = ov, 


1.8 



1.8 



1.8 


n V/VHz 


f = 100 Hz to 100 kHz 











Collector to Emitter 

lc = 1 mA, l B = 10 jllA 


0.2 



0.2 



0.2 


V 

Saturation Voltage 

lc = 1 mA, l B = 100 jaA 


0.1 




0.1 



0.1 


V 

Note 1: Collector-base voltage is swept from 0 to Vmax at a collector current of 1 juA, 10 ju-A, 100 juA, and 1 mA. 






Note 2: Offset voltage drift with Vqs = 0 at Ta = 25°C is valid only when the ratio of lei to Iq 2 is adjusted to give the initial zero offset. This ratio must be held to 

within 0.003% over the entire temperature range. Measurements taken at + 25°C and temperature extremes. 






Note 3: Logging conformity is measured by computing the best fit to a true exponential and expressing the error as a base-emitter voltage deviation. 


Note 4: Refer to RETS194X drawing of military LM194H version for specifications. 










5-24 




















Typical Applications (Continued) 


Fast, Accurate Logging Amplifier, Vin = 10V to 0.1 mV or I|n = 1 mA to 10 nA 



TL/H/9241 -3 


*1 kn (±1%) at 25°C, +3500 ppm/°C. 
Available from Vishay Ultronix, 

Grand Junction, CO, Q81 Series. 


VouT--i°g,o(^) 


Voltage Controlled Variable Gain Amplifier 


+15V V + 



*R8-R10 and D2 provide a temperature 
independent gain control. 

G = -336 VI (dB) 


Distortion < 0.1% 
Bandwidth > 1 MHz 
100 dB gain range 



5-25 


LM194/LM394 





LM194/LM394 



5-26 





5-27 


LM194/LM394 





LM194/LM394 


Typical Performance Characteristics 


Small Signal Current Gain vs 



0.001 0.01 0.1 1 10 


l c - COLLECTOR CURRENT (mA) 


DC Current Gain vs Temperature 



-75 -25 25 75 125 175 


T, - JUNCTION TEMPERATURE fC) 


Unity Gain Frequency (f t ) vs 



0.001 0.01 0.1 1 10 
l c - COLLECTOR CURRENT (mA) 


Offset Voltage Drift vs Initial 
Offset Voltage 



-200 -100 0 100 200 


INITIAL OFFSET VOLTAGE (kV) 


Base-Emitter On Voltage vs 
Collector Current 


him 

KQEC9 

iWijyS 








III 


V 

¥ 









III 


1 

1 






i 



III 


1 

1 









III 


1 

1 









III 


i 

II 

1 








III 


0.001 0.01 0.1 1 10 


l c - COLLECTOR CURRENT (mA) 


Small Signal Input 
Resistance (hj e ) 



0.001 0.01 0.1 1 10 
l c - COLLECTOR CURRENT (mA) 



Collector-Emitter 
Saturation Voltage 



0.001 0.01 0.1 1 10 


l c - COLLECTOR CURRENT (mA) 


l c - COLLECTOR CURRENT (mA) 


Input Voltage Noise vs 
Frequency 



0.01 0.1 1 10 100 
f- FREQUENCY (kHz) 


Base Current Noise 
vs Frequency 



0.01 0.1 1 10 100 
f - FREQUENCY (kHz) 


Noise Figure vs 



0.001 0.01 0.1 1 


lc - COLLECTOR CURRENT (mA) 


Collector to Collector 
Capacitance vs Reverse 
Bias Voltage 



0 10 20 30 40 50 

COLLECTOR TO COLLECTOR VOLTAGE (V) 


TL/H/9241-8 
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- CURRENT (nA) C cc - CAPACITANCE (pF) 


Typical Performance Characteristics (Continued) 


Collector to Collector Capacitance Emitter-Base Capacitance vs 
vs Collector-Substrate Voltage Reverse Bias Voltage 



0 10 20 30 40 50 

COLLECTOR TO SUBSTRATE VOLTAGE (V) 



0 0.1 0.2 0.3 0.4 0.5 0.6 

REVERSE BIAS VOLTAGE (V) 


Collector-Base Capacitance vs 
Reverse Bias Voltage 


10 20 30 40 50 

REVERSE BIAS VOLTAGE (V CB > 


Collector-Base Leakage vs 
Temperature 


T, - JUNCTION TEMPERATURE (°C) 


Collector to Collector Leakage 
vs Temperature 


E™& 


= 

= 

=5 

\mmmm 

■ 

m 


BBB 

B 

B 


BB 

■■ill 


m 


MM 

mmmmSZ m 

25 

ss 

si 

5255 

■Rfl 




ss 


■| 

B 

■ 

BB 

BBB 

B 

B 

B 

BS 


HI 


HI 

Ml Ml 


25 50 75 100 125 

^ - JUNCTION TEMPERATURE (°C) 

Emitter-Base Log Conformity 



Offset Voltage Long Term 
Stability at High Temperature 


> IV 125 c _ 

f I I c = 60mA 

2 5 I— V C e = 40V — 


0 200 400 600 800 1000 

TIME (HRS) 

TL/H/9241 -9 


10- 8 10" 7 10"® io- 5 io- 4 10 -3 

l c - COLLECTOR CURRENT (A) 

TL/H/9241 -10 

Low Frequency Noise of Differential Pair* 






ingB 

I ; 

imUBESEm 


TIME (SEE GRAPH) 


‘Unit must be in still air environment so that differential 
lead temperature is held to less than 0.0003°C. 
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LM194/LM394 


Connection Diagrams 


Metal Can Package 



TL/H/9241 -12 

Top View 

Order Number LM194H/883*, 

LM394H, LM394BH or LM394CH 
See NS Package Number H06C 


Dual-ln-Line and Small Outline Packages 



TL/H/9241 -13 

Top View 

Order Number LM394N or LM394CN 
See NS Package Number N08E 


♦Available per SMD #5962-8777701 
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National Semiconductor 


LM195/LM395 Ultra Reliable Power Transistors 

General Description 


The LM195/LM395 are fast, monolithic power transistors 
with complete overload protection. These devices, which 
act as high gain power transistors, have included on the 
chip, current limiting, power limiting, and thermal overload 
protection making them virtually impossible to destroy from 
any type of overload. In the standard TO-3 transistor power 
package, the LM195 will deliver load currents in excess of 
1 ,0A and can switch 40V in 500 ns. 

The inclusion of thermal limiting, a feature not easily avail- 
able in discrete designs, provides virtually absolute protec- 
tion against overload. Excessive power dissipation or inade- 
quate heat sinking causes the thermal limiting circuitry to 
turn off the device preventing excessive heating. 

The LM195 offers a significant increase in reliability as well 
as simplifying power circuitry. In some applications, where 
protection is unusually difficult, such as switching regulators, 
lamp or solenoid drivers where normal power dissipation is 
low, the LM195 is especially advantageous. 

The LM195 is easy to use and only a few precautions need 
be observed. Excessive collector to emitter voltage can de- 
stroy the LM195 as with any power transistor. When the 
device is used as an emitter follower with low source imped- 
ance, it is necessary to insert a 5.0k resistor in series with 
the base lead to prevent possible emitter follower oscilla- 


tions. Although the device is usually stable as an emitter 
follower, the resistor eliminates the possibility of trouble 
without degrading performance. Finally, since it has good 
high frequency response, supply bypassing is recommend- 
ed. 

For low-power applications (under 100 mA), refer to the 
LP395 Ultra Reliable Power Transistor. 

The LM195/LM395 are available in standard TO-3 power 
packages and solid Kovar TO-5. The LM195 is rated for 
operation from -55°C to + 150°C and the LM395 from 0°C 
to + 1 25°C. 

Features 

■ Internal thermal limiting 

■ Greater than 1 .0A output current 

■ 3.0 juA typical base current 

■ 500 ns switching time 

■ 2.0V saturation 

■ Base can be driven up to 40V without damage 

■ Directly interfaces with CMOS or TTL 

■ 100% electrical burn-in 


Simplified Circuit 



TL/H/6009-1 
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Connection Diagrams 


TO-3 Metal Can Package TO-220 Plastic Package 



tl/h/ 6009-2 Top View 


Bottom View 0rder Number LM395T 

Order Number LM195K/883 See NS Package Number T03B 

See NS Package Number K02A 



Bottom View 


TL/H/6009-4 


Order Number LM195H/883 
See NS Package Number H03B 


COLLECTOR 

EMITTER 

BASE 

TL/H/6009-3 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Collector to Emitter Voltage 

LM195 42V 

LM395 36V 

Collector to Base Voltage 

LM195 42V 

LM395 36V 

Base to Emitter Voltage (Forward) 

LM195 42V 

LM395 36V 

Preconditioning 

100% Burn-In In Thermal Limit 


Electrical Characteristics (Note d 


Parameter 

Conditions 

LM195 

LM395 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Collector-Emitter Operating Voltage 
(Note 3) 

Iq ^ >c ^ Imax 

■ 

■ 

42 


■ 

36 

V 

Base to Emitter Breakdown Voltage 

o <; Vqe ^ v CEMAX 

42 






V 

Collector Current 




■ ■ 





TO-3, TO-220 

Vce ^ 15V 

1.2 


■ ■ 




A 

TO-5 

V C E ^ 7.0V 

1.2 





BbS 

A 

Saturation Voltage 

l C £ 1.0A,T a = 25°c 


1.8 

2.0 


1.8 


V 

Base Current 

O^lc^ ! MAX 

o ^ v C E ^ Vcemax 

■ 

3.0 

5.0 

■ 


10 

juA 

Quiescent Current (Iq) 

Vbe = 0 

o £ v C e ^ Vcemax 

■ 

2.0 

5.0 

■ 

2.0 

10 

mA 

Base to Emitter Voltage 

l c = 1.0 A,T a = + 25°C 


0.9 



0.9 


V 

Switching Time 

Vce = 36V, R l = 36ft, 

T a = 25°C 


500 



500 


ns 

Thermal Resistance Junction to 

TO-3 Package (K) 


2.3 

3.0 


2.3 

3.0 

°C/W 

Case (Note 2) 

TO-5 Package (H) 


12 

15 


12 

15 

°C/W 


TO-220 Package (T) 





4 

6 

°C/W 


Note 1: Unless otherwise specified, these specifications apply for -55°C <: Tj £ + 150°C for the LM195 and 0°C £ + 125°C for the LM395. 
Note 2: Without a heat sink, the thermal resistance of the TO-5 package is about + 150°C/W, while that of the TO-3 package is +35°C/W. 
Note 3: Selected devices with higher breakdown available. 

Note 4: Refer to RETS195H and RETS195K drawings of military LM195H and LM195K versions for specifications. 


Base to Emitter Voltage (Reverse) 
Collector Current 
Power Dissipation 
Operating Temperature Range 
LM195 
LM395 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 


20V 

Internally Limited 
Internally Limited 

- 55°C to + 1 50°C 
0°C to + 1 25°C 
— 65°Cto + 150°C 
260°C 


i 


r 
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SATURATION VOLTAGE (V) QUIESCENT CURRENT (mA) COLLECTOR CURRENT (A) 


Typical Performance Characteristics (for K and T Packages) 


Collector Characteristics 


Short Circuit Current 


Bias Current 



5.0 10 15 20 25 30 35 

COLLECTOR EMITTER VOLTAGE (V) 



5.0 10 15 20 25 30 35 

COLLECTOR EMITTER VOLTAGE (V) 



0.4 0.8 1.2 1.6 

COLLECTOR CURRENT (A) 


Quiescent Current 


Base Emitter Voltage 


Base Current 



1.2 Ma = + 125°C 


0 5.0 10 15 20 25 30 35 

COLLECTOR VOLTAGE (V) 


SBH M 


i»P 

mmm 


-55 -35-15 5.0 25 45 65 85 105 125 
TEMPERATURE ( U C) 



I -0.4 0 0.4 0.8 1.2 20 40 

BASE EMITTER VOLTAGE (V) 


Saturation Voltage 


Response Time 



j T A =25“C 
V + = 35Vr“1 


»^< Tr^12S°C- 


0.5 1.0 1.5 

COLLECTOR CURRENT (A) 


0 1.0 2.0 3.0 

TIME (pts) 


Response Time 



0.4 0.8 1.2 

TIME fos) 
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TRANSCONDUCTANCE (mhos) COLLECTOR CURRENT (A) 


Typical Performance Characteristics (for K and T Packages) (Continued) 


10V Transfer Function 



0.4 0.8 1.2 1.6 

BASE EMITTER VOLTAGE (V) 


36V Transfer Function 


0.8 \T 



0.4 0.8 1.2 1.6 

BASE EMITTER VOLTAGE (V) 


T ransconductance 



COLLECTOR CURRENT (A) 


Small Signal Frequency 
Response 



FREQUENCY (Hz) 
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Schematic Diagram 







LM195/LM395 
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Typical Applications (Continued) 


CMOS or TTL Lamp Interface 



Two Terminal Current Limiter 



40 V Switch 


DRIVE* 



♦Drive Voltage 0V to ;> 10V ^ 42V 


6.0V Shunt Regulator with Crowbar Two Terminal 100 mA Current Regulator 




Low Level Power Switch 


Power One-Shot 



TL/H/6009-27 




LM195/LM395 


Typical Applications (Continued) 

Emitter Follower 



TL/H/6009-28 



Fast Follower 



TL/H/6009-30 


‘Prevents storage with fast fall time square wave drive 


Power Op Amp 


H5V 
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Typical Applications (Continued) 

6.0 Amp Variable Output Switching Regulator 



TL/H/6009-32 

•Sixty turns wound on Arnold Type A-083081-2 core. 

••Four devices in parallel 
tSolid tantalum 
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LM3045/LM3046/LM3086 



National Semiconductor 


LM3045/LM3046/LM3086 Transistor Arrays 


General Description 

The LM3045, LM3Q46 and LM3086 each consist of five 
general purpose silicon NPN transistors on a common 
monolithic substrate. Two of the transistors are internally 
connected to form a differentially-connected pair. The tran- 
sistors are well suited to a wide variety of applications in low 
power system in the DC through VHF range. They may be 
used as discrete transistors in conventional circuits howev- 
er, in addition, they provide the very significant inherent inte- 
grated circuit advantages of close electrical and thermal 
matching. The LM3045 is supplied in a 14-lead cavity dual- 
in-line package rated for operation over the full military tem- 
perature range. The LM3046 and LM3086 are electrically 
identical to the LM3045 but are supplied in a 1 4-lead mold- 
ed dual-in-line package for applications requiring only a lim- 
ited temperature range. 


Features 

■ Two matched pairs of transistors 
Vbe matched ±5 mV 

Input offset current 2 p,A max at lc = 1 mA 

■ Five general purpose monolithic transistors 

■ Operation from DC to 120 MHz 

■ Wide operating current range 

■ Low noise figure 3.2 dB typ at 1 kHz 

■ Full military 

temperature range (LM3045) -55°C to + 125°C 

Applications 

■ General use in all types of signal processing systems 
operating anywhere in the frequency range from DC to 
VHF 

■ Custom designed differential amplifiers 

■ Temperature compensated amplifiers 


Schematic and Connection Diagram 


DuaMn-Line and Small Outline Packages 

SUBSTRATE 



Order Number LM3045J, LM3046M, LM3046N or LM3086N 
See NS Package Number J14A, M14A or N14A 


TL/H/7950-1 
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Absolute Maximum Ratings <t a - 25°o 

If Military/ Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. LM3 o45 LM3046/LM3086 



Each 

Total 

Each Total 

Units 


Transistor 

Package 

Transistor Package 


Power Dissipation: 





T a = 25°C 

300 

750 

300 750 

mW 

T A = 25°Cto55°C 



300 750 

mW 

T a > 55°C 



Derate at 6.67 

mW/°C 

T a = 25°C to 75°C 

300 

750 


mW 

T a > 75°C 

Derate at 8 


mW/°C 

Collector to Emitter Voltage, Vceo 

15 


15 

V 

Collector to Base Voltage, Vcbo 

20 


20 

V 

Collector to Substrate Voltage, Vcio (Note 1 ) 

20 


20 

V 

Emitter to Base Voltage, Vebo 

5 


5 

V 

Collector Current, Ic 

50 


50 

mA 

Operating Temperature Range 

— 55°C to + 125°C 

— 40°C to +85°C 


Storage Temperature Range 

— 65°C to + 1 50°C 

— 65°C to +85°C 


Soldering Information 





Dual-In-Line Package Soldering (10 Sec.) 

260°C 


260°C 


Small Outline Package 

Vapor Phase (60 Seconds) 



215°C 



Infrared (1 5 Seconds) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface mount 
devices. 

Electrical Characteristics (Ta = 25°C unless otherwise specified) 


Limits 

Parameter Conditions LM3045, LM3046 


Parameter Conditions 

Collector to Base Breakdown Voltage (V(br)cbo) Ic = 10 jaA, Ie = 0 
Collector to Emitter Breakdown Voltage (V(br)ceo) Ic = 1 mA, Ib = 0 


Collector to Substrate Breakdown Ic = 10 /xA, Iq = 0 

Voltage (V(br)cio) 


Emitter to Base Breakdown Voltage (V(br)ebo) | Ie 10 juA, Ic = 0 


Collector Cutoff Current (Icbo) I Vcb = 10 V, Ie == 0 

Collector Cutoff Current Qceo) 

Static Forward Current Transfer Vce = 3V _ 

Ratio (Static Beta) (hpe) I P _ 


l c = 10 mA 
Ic = 1 mA 
J c = 10 fiA 


Input Offset Current for Matched 
Pair Qi and Q2 |Iqi ~ I102I 


Base to Emitter Voltage (Vbe) 


Vce = 3V, l c = 1 mA 


V CE = 3V 


Magnitude of Input Offset Voltage for 

Differential Pair |Vbei ~ Vbe2I 

Vce = 3V, l c = 1 mA 

Magnitude of Input Offset Voltage for Isolated 
Transistors |V B e 3 ~ V B E4l. |Vbe4 ~ VbesI. 

|Vbe5 - VbE3I 

Vce = 3V, l c =lmA 

Temperature Coefficient of Base to 

Emitter Voltage /AVbe^ 

v at ; 

Vce = 3V, l c = 1 mA 

Collector to Emitter Saturation Voltage (Vce(SAT)) 

Ib — 1 mA, Ic = 1 0 mA 

Temperature Coefficient of 

Input Offset Voltage ^AViq j 

Vce = 3V, l c = 1 mA 



Note 1: The collector of each transistor of the LM3045, LM3046, and LM3086 is isolated from the substrate by an integral diode. The substrate (terminal 13) must 
be connected to the most negative point in the external circuit to maintain isolation between transistors and to provide for normal transistor action. 
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LM3045/LM3046/LM3086 


Electrical Characteristics (Continued) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Low Frequency Noise Figure (NF) 

f = 1 kHz, V CE = 3V, 
l c = 100 juA, R s = 1 kH 


3.25 


dB 

| LOW FREQUENCY, SMALL SIGNAL EQUIVALENT CIRCUIT CHARACTERISTICS 

Forward Current Transfer Ratio (hf 6 ) 

f = 1 kHz, V C e = 3V, 
lc = 1 mA 


110 (LM3045, LM3046) 
(LM3086) 



Short Circuit Input Impednace (hj e ) 


3.5 


k a 

Open Circuit Output Impedance (h oe ) 


15.6 


jLtmho 

Open Circuit Reverse Voltage Transfer Ratio (h re ) 


1.8x10-4 



| ADMITTANCE CHARACTERISTICS 

Forward Transfer Admittance (Yf e ) 



31 — j 1.5 



Input Admittance (Yj e ) 


0.3 + J 0.04 



Output Admittance (Y oe ) 


0.001 +j 0.03 



Reverse Transfer Admittance (Y re ) 


See Curve 



Gain Bandwidth Product (fj) 


300 

550 



Emitter to Base Capacitance (Ceb) 

V EB = 3V, l E = 0 


0.6 


PF 

Collector to Base Capacitance (Ccb) 

V CB = 3V, l C = 0 


0.58 


PF 

Collector to Substrate Capacitance (Co) 

V CS = 3V, l C = 0 


2.8 


PF 


Typical Performance Characteristics 


Typical Collector To Base 
Cutoff Current vs Ambient 
Temperature for Each 


Typical Collector To Emitter 
Cutoff Current vs Ambient 
Temperature for Each 



Typical Static Forward 
Current-Transfer Ratio and 
Beta Ratio for Transistors Qi 
and Q2 vs Emitter Current 



l E - EMITTER (mA) 


TL/H/7950-2 


Typical Input Offset Current 
for Matched Transistor Pair 
Q 1 Q 2 vs Collector Current 


Typical Static Base To Emitter 
Voltage Characteristic and Input 
Offset Voltage for Differential 
Pair and Paired Isolated 




.1 1 

l E - EMITTER (mA) 
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Typical Performance Characteristics (Continued) 


Typical Base To Emitter 
Voltage Characteristic for 
Each Transistor vs Ambient 



-75 -50 -25 0 25 50 75 100 125 

T a - AMBIENT TEMPERATURE (°C) 


Typical Input Offset Voltage 
Characteristics for Differential 
Pair and Paired Isolated 
Transistors vs Ambient 
Temperature 


V 

:e = 

!V 


: 

: 






'e 

10 n 

lA 















1 m 

A 

h— — 



s 


— 

— 

ZZj 

.1 m 

u I 

lA 







3 

J 

_ 



-75 -50 -25 0 25 50 75 100 125 

T a - AMBIENT TEMPERATURE (°C) 


Typical Noise Figure vs 


Typical Noise Figure vs 




l c - COLLECTOR (mA) 


Typical Forward Transfer 




f- FREQUENCY (MHz) 


1 10 
f- FREQUENCY (MHz) 


Typical Noise Figure vs 



01 .1 1 
l c - COLLECTOR (mA) 

TL/H/7950-4 

Typical Normalized Forward 
Current Transfer Ratio, Short 
Circuit Input Impedance, 

Open Circuit Output Impedance, 
and Open Circuit Reverse 
Voltage Transfer Ratio vs 
Collector Current 


sJflfl 

nilH 

SSSS 

^■81 

km 

1 

hum 

IIIIBB 
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*!■■!!!!! 

'Jlllllll 
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■111 
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.i 

l c - COLLECTOR (mA) 


Typical Input Admittance 


.1 1 10 
l c - COLLECTOR (mA) 


TL/H/7950-5 


Typical Output Admittance 


it 
« 6 



f- FREQUENCY (MHz) 
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National Semiconductor 


LM3146 High Voltage Transistor Array 


General Description 

The LM3146 consists of five high voltage general purpose 
silicon NPN transistors on a common monolithic substrate. 
Two of the transistors are internally connected to form a 
differentially-connected pair. The transistors are well suited 
to a wide variety of applications in low power system in the 
dc through VHF range. They may be used as discrete tran- 
sistors in conventional circuits however, in addition, they 
provide the very significant inherent integrated circuit ad- 
vantages of close electrical and thermal matching. The 
LM3146 is supplied in a 14-lead molded dual-in-line pack- 
age for applications requiring only a limited temperature 
range. 


Features 

■ High voltage matched pairs of transistors, Vbe matched 
± 5 mV, input offset current 2 juA max at Iq = 1 mA 

■ Five general purpose monolithic transistors 

■ Operation from dc to 120 MHz 

■ Wide operating current range 

■ Low noise figure 3.2 dB typ at 1 kHz 

Applications 

■ General use in all types of signal processing systems 
operating anywhere in the frequency range from dc to 
VHF 

■ Custom designed differential amplifiers 

■ Temperature compensated amplifiers 


Connection Diagram 


Dual-In-Line and Small Outline Packages 
SUBSTRATE 



Order Number LM3146M or LM3146N 
See NS Package Number M14A or N14A 
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LM3146 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Power Dissipation: Each transistor 
T a = 25°C to 55°C 
T a > 55°C 

Power Dissipation: Total Package 
T a = 25°C 
T a > 25°C 

Collector to Emitter Voltage, Vceo 
Collector to Base Voltage, Vcbo 
C ollector to Substrate Voltage, 
V C io (Note 1) 

Emitter to Base Voltage, Vebo 
(N ote 2) 

Collector to Current, lc 
Operating Temperature Range 
Storage Temperature Range 


Derate at 6.67 mW/°C 


Derate at 6.67 mW/°C 


5 

50 

-40 to +85 
-65 to +150 


Soldering Information 
Dual-1 n-Line Package 

Soldering (1 0 seconds) 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 215°C 

Infrared (1 5 seconds) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


DC Electrical Characteristics t a 

Symbol Parameter 

v (BR)CBO Collector to Base Breakdown Voltag 



Parameter 

Conditions 

Collector to Base Breakdown Voltage 

lc = 10 ju,A, Ie — 0 

Collector to Emitter Breakdown Voltage 

lc = 1 mA, Ib = 0 

Collector to Substrate Breakdown 

Voltage 

Id — 10 jiiA, l B = 0, 
I E =0 

Emitter to Base Breakdown Voltage 
(Note 2) 

l C = 0, l E = 10 juA 

Collector Cutoff Current 

o 

II 

_Ui 

> 

0 

1 

Collector Cutoff Current 

V C E = iov, l B = o 

Static Forward Current T ransfer 

Ratio (Static Beta) 

l c = 10mA,VcE = 5V 
l c = 1 mA, V C e = 5V 
l c = 10 juiA,Vce = 5V 

Input Offset Current for Matched 

Pair Q1 and Q2 

lei = 1C2 = 1 mA, 

V CE = 5V 

Base to Emitter Voltage 

lc = 1 mA, Vce = 3V 

Magnitude of Input Offset Voltage 
for Differential Pair 

Vce ==: 5V, l E = 1 mA 

Temperature Coefficient of Base 
to Emitter Voltage 

V C e = 5V, l E = 1 mA 

Collector to Emitter Saturation 

Voltage 

lc = 10 mA, Ib = 1 mA 

Temperature Coefficient of Input 

Offset Voltage 

l c = 1 mA, V C E = 5V 


av be /at 

Vce(SAT) 


AV 10 /AT 


Note 1: The collector of each transistor is isolated from the substrate by an integral diode. The substrate must be connected to a voltage which is more negative 
than any collector voltage in order to maintain isolation between transistors and provide normal transistor action. To avoid undesired coupling between transistors, 
the substrate terminal should be maintained at either dc or signal (ac) ground. A suitable bypass capacitor can be used to establish a signal ground. 

Note 2: If the transistors are forced into zener breakdown (V(br)ebo). degradation of forward transfer current ratio (hpE) can occur. 

Note 3: See curve. 
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AC Electrical Characteristics 


Symbol 

Parameter 

Conditions 

Limits 



Typ 


NF 

Low Frequency Noise Figure 

f = 1 kHz, V C e = 5 V, 
l c = 100 /xA, R S = 1 kH 



■ 

dB 

OH 

Gain Bandwidth Product 

V C e = 5V, l c = 3 mA 


500 




Emitter to Base Capacitance 

VeB = 5V, Ie = 0 


0.70 


PF 

CcB 

Collector to Base Capacitance 

V CB = 5V, l C = 0 


0.37 


PF 

C ci 

Collector to Substrate Capacitance 

V C | = 5V, l C = 0 


2.2 


PF 

Low Frequency, Small Signal Equivalent Circuit Characteristics 

hfe 

Forward Current Transfer Ratio 

f = 1 kHz.VcE = 3VJ C = 1 mA 


100 



hje 

Short Circuit Input Impedance 

f = 1 kHz, V C e = 3V, l c = 1 mA 


3.5 


kfl 

^oe 

Open Circuit Output Impedance 

f = 1 kHz, V CE = 3V, l c = 1 mA 


15.6 


jamho 

hre 

Open Circuit Reverse Voltage 
Transfer Ratio 

f = 1 kHz, V C e = 3V, 
lc = 1 mA 


1.8x10-4 



Admittance Characteristics 



f = 1 MHz, V C e = 3V, l c = 1 mA 


31 — j 1.5 


mmho 


Input Admittance 

f = 1 MHz, V CE = 3V, l c = 1 mA 




mmho 

Yoe 

Output Admittance 

f = 1 MHz, V C e = 3V, l c = 1 mA 




mmho 

Y r e 

Reverse Transfer Admittance 

f = 1 MHz, V CE = 3V, l c = 1 mA 


(Note 3) 


mmho 


Note 1: The collector of each transistor is isolated from the substrate by an integral diode. The substrate must be connected to a voltage which is more negative 
than any collector voltage in order to maintain isolation between transistors and provide normal transistor action. To avoid undesired coupling between transistors, 
the substrate terminal should be maintained at either dc or signal (ac) ground. A suitable bypass capacitor can be used to establish a signal ground. 

Note 2: If the transistors are forced into zener breakdown (V(br)ebo). degradation of forward transfer current ratio (hpE) can occur. 

Note 3: See curve. 
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LM3146 


Typical Performance Characteristics 


IcEO VS Ta for 



T A - AMBIENT TEMPERATURE ( 0 


IcBO VS TAfOr 



Ta - AMBIENT TEMPERATURE TC) 


hpE vs lc for 



l c - COLLECTOR CURRENT (mA) 


Vbe vs Ta for 
Any Transistor 



-75 -50 -25 0 25 50 75 100 125 

T a - AMBIENT TEMPERATURE (°C> 


VCE(SAT) VS lc 

for Any Transistor 



0 10 20 30 40 

l c - COLLECTOR CURRENT (mA) 



Vio vs Ta for Q1 and Q2 
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Vbe and V|q vs 
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b„ - SUSCEPTANCE (mmhos) b f . - SUSCEPTANCE (mmhos) NOISE FIGURE (dB) 



LM3146 








LP395 



Na t ion a l 


Semiconductor 


LP395 Ultra Reliable Power Transistor 


Genera) Description 

The LP395 is a fast monolithic transistor with complete 
overload protection. This very high gain transistor has in- 
cluded oh the chip, current limiting, power limiting, and ther- 
mal overload protection, making it difficult to destroy from 
almost any type of overload. Available in an epoxy TO-92 
transistor package this device is guaranteed to deliver 100 
mA. 

Thermal limiting at the chip level, a feature not available in 
discrete designs, provides comprehensive protection 
against overload. Excessive power dissipation or inade- 
quate heat sinking causes the thermal limiting circuitry to 
turn off the device preventing excessive die temperature. 
The LP395 offers a significant increase in reliability while 
simplifying protection circuitry. It is especially attractive as a 
small incandescent lamp or solenoid driver because of its 
low drive requirements and blowout-proof design. 

The LP395 is easy to use and only a few precautions need 
be observed. Excessive collector to emitter voltage can de- 
stroy the LP395 as with any transistor. When the device is 
used as an emitter follower with a low source impedance, it 
is necessary to insert a 4.7 kft resistor in series with the 
base lead to prevent possible emitter follower oscillations. 
Also since it has good high frequency response, supply by- 
passing is recommended. 


Areas where the LP395 differs from a standard NPN transis- 
tor are in saturation voltage, leakage (quiescent) current 
and in base current. Since the internal protection circuitry 
requires voltage and current to function, the minimum volt- 
age across the device in the on condition (saturated) is typi- 
cally 1 .6 Volts, while in the off condition the quiescent (leak- 
age) current is typically 200 /xA. Base current in this device 
flows out of the base lead, rather than into the base as is 
the case with conventional NPN transistors. Also the base 
can be driven positive up to 36 Volts without damage, but 
will draw current if driven negative more than 0.6 Volts. Ad- 
ditionally, if the base lead is left open, the LP395 will turn on. 
The LP395 is a low-power version of the 1-Amp 
LM195/LM295/LM395 Ultra Reliable Power Transistor. 

The LP395 is rated for operation over a -40°C to + 125°C 
range. 

Features 

■ Internal thermal limiting 

■ Internal current and power limiting 

■ Guaranteed 100 mA output current 

■ 0.5 juiA typical base current 

■ Directly interfaces with TTL or CMOS 

■ + 36 Volts on base causes no damage 

■ 2 jus switching time 


Connection Diagram Typical Applications 



Order Number LP395Z 
See NS Package Z03 A 


TL/H/5525-1 


Fully Protected Lamp Driver 


v + 



TL/H/5525-3 
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Absolute Maximum Ratings 

Collector to Emitter Voltage 
Collector to Base Voltage 
Base to Emitter Voltage (Forward) 

Base to Emitter Voltage (Reverse) 

Base to Emitter Current (Reverse) 

Electrical Characteristics 


Collector Current Limit 

Power Dissipation 

Operating Temperature Range 

Storage Temperature Range 

Lead Temp. (Soldering, 10 seconds) 


Internally Limited 
Internally Limited 
— 40°Cto +125°C 
— 65°C to + 1 50°C 
260°C 


Symbol 

Parameter 

Conditions 

Typical 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Units 

(Limit) 

VCE 

Collector to Emitter 

0.5 mA <.\c< 100 mA 


36 

36 

V(Max) 


Operating Voltage 




(Note 1) 


•CL 

Collector Current Limit 

V BE = 2V, V CE = 36V 

45 

25 

20 

mA(Min) 


(Note 4) 

V BE = 2V, V CE = 15V 

90 

60 

50 

mA(Min) 



V BE = 2V, 2 V £ V CE ^ 6V 

130 

100 

100 

mA(Min) 

•b 

Base Current 

0 ^ lc ^ 1 00 mA 

-0.3 

-2.0 

-2.5 

/xA(Max) 

•q 

Quiescent Current 

V BE = 0V, 0 ^ V CE <; 36V 

0.24 

0.50 

0.60 

mA(Max) 

VCE(SAT) 

Saturation Voltage 

V BE = 2V, l c = 100 mA 

1.82 

2.00 

2.10 

V(Max) 

bv be 

Base to Emitter Break- 

0 ^ V CE ^ 36V, l B = 2 fxA 


36 

36 

V(Min) 


down Voltage (Note 4) 






VbE 

Base to Emitter Voltage 

lc = 5 mA 

0.69 

0.79 

0.90 

V(Max) 


(Note 5) 

l c = 100mA (Note 4) 

1.02 


1.40 

V (Max) 

*s 

Switching Time 

V CE = 20V, R L = 200H 

2 



JJbS 



V BE = 0V, +2V, 0V 





0JA 

Thermal Resistance 

0.4" leads soldered to 

150 


180 

°C/W 


Junction to Ambient 

printed circuit board 




(Max) 



0.125" leads soldered to 

130 


160 

°C/W 



printed circuit board 




(Max) 


Note 1: Parameters identified with boldface type apply at temp, extremes. All other numbers, unless noted apply at +25°C. 

Note 2: Guaranteed and 100% production tested. 

Note 3: Guaranteed (but not 100% production tested) over the operating temperature and supply voltage ranges. These limits are not used to calculate outgoing 
quality levels. 

Note 4: These numbers apply for pulse testing with a low duty cycle. 

Note 5: Base positive with respect to emitter. 


Simplified Circuit 



Applications Information 

One failure mode incandescent lamps may experience is 
one in which the filament resistance drops to a very low 
value before it actually blows out. This is especially rough 
on most solid-state lamp drivers and in most cases a lamp 
failure of this type will also cause the lamp driver to fail. 
Because of its high gain and blowout-proof design, the 
LP395 is an ideal candidate for reliably driving small incan- 
descent lamps. Additionally, the current limiting characteris- 
tics of the LP395 are advantageous as it serves to limit the 
cold filament inrush current, thus increasing lamp life. 
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Typical Performance Characteristics 
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Typical Applications (Continued) 
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National Semiconductor 


Packing Considerations (Methods, Materials and Recycling) 


Transport Media 

All NSC devices are prepared, inspected and packed to in- 
sure proper physical support and to protect during transport 
and shipment. All assembled devices are packed in one or 
more of the following container forms— immediate contain- 
ers, intermediate containers and outer/shipping containers. 
An example of each container form is illustrated below. 

IMMEDIATE CONTAINER 


oooooooooo o o 0 


o o n o □ 

OOP ofo Q Q Q O o oo o 



Rail/Tube 



INTERMEDIATE CONTAINER 

Tape & Reel 
Box 




Rail/Tube 



OUTER/SHIPPING CONTAINER 



Packing Considerations 




Packing Considerations 


Methods of immediate carrier packing include insertion of 
components into molded trays and rails/tubes, mounting of 
components onto tape and reel or placement in corrugated 
cartons. The immediate containers are then packed into in- 
termediate containers (bags or boxes) which specify quanti- 
ties of trays, rails/tubes or tape and reels. Outer/shipping 
containers are then filled or partially filled with intermediate 
containers to meet order quantity requirements and to fur- 
ther insure protection from transportation hazards. Addition- 
al dunnage filler material is required to fill voids within the 
intermediate and outer/shipping containers. 

General Packing Requirements 

NSC packing methods and materials are designed based on 
the following considerations: 

— Optimum protection to the products — it must provide ad- 
equate protection from handling (electrostatic dis- 
charge) and transportation hazards; 


— Ease of handling — it should be easy to assemble; load 
and unload products in and from it; and 

— Impacts to the environment— it shall be reusable and 
recyclable. 

Levels of Product Packing 

IMMEDIATE CONTAINER 

The first level of product packing is the immediate container. 
The immediate container type varies with the product or 
package being packed. In addition, the materials used in the 
immediate container depend on the fragility, size and profile 
of the product. The four types of immediate containers used 
by NSC are rails/tubes, trays, tape and reel, and corrugated 
and chipboard containers. 

Rails/tubes are generally made of acrylic or polyvinyl chlo- 
ride (PVC) plastics. The electrical characteristics of the ma- 
terial are altered by either intrinsically adding carbon fillers, 
and/or topically coating it with antistatic solution. Refer to 
Table I for rail/tube material and recyclability information. 


TABLE I. Plastic Rail/Tube and Stopper Requirements 


Package 

Type 

Rail 


Stopper 

Material 

Code/Symbol 
(Note 1) 


Material 

Code/Symbol 
(Note 1) 

Type 

Recyclability 

DIP’S 







Plastic 

Polyvinylchloride 

03/PVC 

Pin 

Polyamide 

07/PA 

Yes 

Ceramic 

Polyvinylchloride 

03/ PVC 

Pin 

Polyamide 

07/PA 

Yes 

Sidebraze 

Polyvinylchloride 

03/PVC 

Pin 

Polyamide 

07/PA 

Yes 

PLCC 

Polyvinylchloride 

03/PVC 

BSSSM 


07/SBR 

Yes 

TapePak 

Polyvinylchloride 

03/PVC 

BEUBI 

Rubber 

07/SBR 

Yes 

Flatpack 

Polyvinylchloride 

03/PVC 

Pin 

Polymide 

07/PA 

Yes 

Cerpack 

Polyvinylchloride 

03/PVC 

Pin 

Polymide 

07/PA 

Yes 

TO-220/202 

Polyvinylchloride 

03/PVC 

Pin 

Polymide 

07/PA 

Yes 

TO-5/8 
(in Carrier) 

Polyvinylchloride 

03/PVC 

Pin 

Polymide 

07/PA 

Yes 

SOP 

Polyvinylchloride 

03/PVC 

Plug 

Rubber 

07/SBR 

Yes 

LCC 

18L-44L 

Polyvinylchloride 

03/PVC 

Plug 

Rubber 

07/SBR 

Yes 


Note 1: ISO 1043-1 International Standards— Plastic Symbols. 

SAE J1344 Marking of Plastic Parts. 

ASTM D 1972-91 Standard Practice for Generic Marking of Plastic Products. 

DIN 6120, German Recycling Systems, RESY for paperbased and VGK for plastic packing materials. 




































Molded injection and vacuum formed trays can be either 
conductive or static dissipative. Molded injection trays are 
classified as either low-temperature or high-temperature 


depending on the material type. Vacuum formed trays are 
only used in ambient room temperature conditions. Refer to 
Table II for tray material and recyclability information. 


TABLE II. Tray Requirements 


Package 

Type 



Tray 


Class 

Material 

Recyclability 
(Note 1) 

Code/Symbol 
(Note 1) 

Binding Type 

PQFP (All) 

High Temperature 

Polyethersulfone 

Yes 

07/PES 

Wire Tie or 
Nylon Strap 


Low Temperature 

Acrylonitrilebutadiene 

Styrene 

Yes 

07/ABS 

Wire Tie or 
Nylon Strap 

PGA, LDCC 
CERQUADs 
and LCC 

(48 leads- 125 leads) 

Low Temperature 
Only 

ABS/PVC 

Yes 

07/ABS-PVC 

Wire Tie 

PPGA 

Low Temperature 
Only 

Polyarylsulfone 

Yes 

07/PAS 

Wire Tie 


Tape and reel is a multi-part immediate container system. is made of polyester (PET) and polyethylene (PE) materials. 

The reel is made of either polystyrene (PS) material coated Refer to Table III for tape and reel material and recyclability 

with antistatic solution or chipboard. The embossed or cavi- Information, 
ty tape is made of either PVC or PS material. The cover tape 


TABLE III. Tape and Reel Requirements 


Package 

Type 

Reel 

Cover Type 

Carrier Tape 

Recyclability 
(Note 1) 

Material 

Code/ 
Symbol 
(Note 1) 

Material 

Code/ 
Symbol 
(Note 1) 

Material 

Code/ 
Symbol 
(Note 1) 

TO-92 


Resy 

N/A 


Paper Tape 


Yes 

SOP-23 

Polystyrene 

Chipboard 

06/PS 

Resy 

Polystyrene 

06/ PS 

PVC 

03/PVC 

Yes 

SOP, SSOP 
and P LCC 

Polystyrene 

Polyethylene 

06/PS 

Polyester 



03/PVC 

Yes 


Note 1: 150 1043-1 International Standards — Plastic Symbols. 

SAE J1344 Marking of Plastic Parts. 

ASTM D 1972-91 Standard Practice for Generic Marking of Plastic Products. 

DIN 6120, German Recycling Systems, RESY for paperbased and VGK for plastic packing materials. 
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Packing Considerations 


Corrugated containers are generally constructed with fibre- 
board facings and a fluted corrugated medium in between 
the facings. Chipboard containers are comprised of just one 


fibreboard facing. Facings and corrugated medium are kraft 
(brown) fibreboard, and generally single wall construction. 
Refer to Table IV for material and recyclability information. 


TABLE IV. Fibreboard Container Requirements 


Pack Method 


Package 

Type 


TO-92/18, 
TO-46/5, 
TO-39, 220, 
TO-202/126, 
TO-237 


All Products 


All Products 


All Products 
PLCC 


Container Type 


Immediate (IMM) 
Intermediate (INT) 
Outer or Shipping (SHP) 


Recyclability 



Corrguated 


3-Ply Paper 
(Padpak) 


Plastic 

Bubble Sheet 


Note 1: ISO 1043-1 International Standards— Plastic Symbols. 

SAE J1344 Marking of Plastic Parts. 

ASTM D1 972-91 Standard Practice for Generic Marking of Plastic Products. 

DIN 6120, German Recycling Systems, RESY for paperbased and VGK for plastic packing materials. 


INTERMEDIATE CONTAINERS 

The second level of product packing is the intermediate 
container. Three types on intermediate containers are used 
by NSC. They are plastic bags, moisture barrier bags and 
corrugated cartons/boxes. 

Two types of plastic bags are used and usage of each type 
depends on the product or package being packed. Conduc- 
tive bags are made of polyvinylchloride plastic material. The 
electrical characteristics of the bag are altered by adding 


carbon fillers which make the bag black (opaque) in color. 
Conductive bags are used on products or packages that are 
packed in static dissipative (SD) rails/tubes. Static shielding 
bags are made of two layers of SD polyethylene sheets with 
a metallized film separating the sheets. Refer to Table V for 
material and recyclability information. 

Moisture barrier bags are used on rail/tube, tape and reel, 
and tray packs for moisture sensitive products. NSC uses 
National Metallizing’s StratoguardTM 4.6. 




























TABLE V. Conductive and Static 
Shielding Bag Requirements 


Package 

Type 

Container 

Type 

Material 

Type 

Mat’l 

and 

Symbol 
(Note 1) 

Mat’l 

Recyclability 

All Prod, in 
Rails 

Conductive 

Bag 

Polyethlene 

04/PE 

Yes 

TO-92/81, 

TO-46/5, 

TO-39/220, 

TO-202/126, 

TO-3/237 

Static 

Shielding 

Bag 

Polyethlene 
Alum. Laminant 

N/A 

No 


TABLE VI. Drypack Bag Requirements 


Package 

Type 

Container 

Type 

Material 

Type 

Mat’l 

and 

Symbol 
(Note 1) 

Mat’l 

Recyclability 

TapePak 

PLCC 

(52-84L) 

PQFP 

Drypack 

Bag 

StratoguardTM 4.6 

N/A 

No 


Note 1: ISO 1043-1 International Standards— Plastic Symbols. 

SAE J1344 Marking of Plastic Parts. 

ASTM D1 972-91 Standard Practice for Generic Marking of Plastic 
Products. 

DIN 6120, German Recycling Systems, RESY for paperbased and 
VGK for plastic packing materials 


6orrugated cartons/boxes are generally constructed with fi- 
breboard facings and a fluted corrugated medium in be- 
tween the facings. Facings and corrugated medium are kraft 
(brown) fibreboards, and are generally of single wall con- 
struction. Carton style varies with the product that it will con- 
tain. For example, packing of a rail/tube will require the use 
of a carton with a roll end from lock (REFL) design. Other 
products generally use the regular slotted container (RSC) 
box. Refer to Table IV for material and recyclability informa- 
tion. 

OUTER/SHIPPING CONTAINERS 

The third level of product packing is the outer/shipping con- 
tainer. The outer/shipping containers use by NSC are simi- 
lar to the corrugated containers used for immediate and in- 
termediate packaging, but are heavier in facing thickness. 
The style generally used is the regular slotted container 
(RSC) box and can be single, double or triple wall, depend- 
ing on the total weight of products being transported or 
shipped. Refer to Table IV for material and recyclability in- 
formation. 

OTHER PACKING MATERIALS 

Additional dunnage and void filler materials are required to 
fill voids within the intermediate and outer/shipping contain- 
ers. Two types of dunnage/flller material are Padpack and 
bubble pack. Padpak is a machine processed, 3-ply kraft 
paper sheet dunnage system. Refer to Table IV for material 
and recyclability information. 

Bubble pack is made of polyethylene plastic sheets with air 
pockets trapped in between the plastic layers and can be 
either static dissipative or conductive. Refer to Table IV for 
material and recyclability information. 
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Immediate Packing Method for Ceramic Packages (Continued) 


Ceramic Dual-In- 
Line Package 
(Cerdip) 


Ceramic Small 
Outline Package, 
Wide 


Primary 

Immediate 

Container 

Method 

Quantity 

Rail/Tube 

40 

Rail/Tube 

25 

Rail/Tube 

25 

Rail/Tube 

20 

Rail/Tube 

20 

Rail/Tube 

17 

Rail/Tube 

15 

Rail/Tube 

15 

Rail/Tube 

15 

Rail/Tube 

15 

Rail/Tube 

16 

Rail/Tube 

15 

Rail/Tube 

12 

Rail/Tube 

12 

Rail/Tube 

12 

Rail/Tube 

12 

Rail/Tube 

13 

Rail/Tube 

11 

Rail/Tube 

11 

Rail/Tube 

9 

Rail/Tube 

9 

Rail/Tube 

9 

Rail/Tube 

45 

Rail/Tube 

36 

Rail/Tube 

36 

Rail/Tube 

30 

Rail/Tube 

26 

IEEQ3E9 

26 


Secondary 

Immediate 

Container 
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Immediate Packing Method for Ceramic Packages (Continued) 


Package 

Type 

(Code) 

Package 

Marketing 

Drawing 

Primary 

Immediate 

Container 

Secondary 

Immediate 

Container 

Method 


Method 

Quantity 

Ceramic Pin Grid 

Array (CPGA) 

U44A 

Tray 

80 



U68B 

Tray 

42 



U68C 

Tray 

42 



U68D 

Tray 

42 



U68E 

Tray 

42 



U75A 

Tray 

35 



U84A 

Tray 

42 



U84B 

Tray 

42 



U84C 

Tray 

42 



U99A 

Tray 

25 



U100A 

Tray 

30 



U109A 

Tray 

25 



U120A 

Tray 

30 



U120C 

Tray 

30 



U124A 

Tray 

30 



U132A 

Tray 

30 



U132B 

Tray 

30 



U144A 

Tray 

20 



U156A 

Tray 

20 



U156B 

Tray 

20 



U169A 

Tray 

20 



U173A 

Tray 

20 



U175A 

Tray 

20 



U180A 

Tray 

20 



U223A 

Tray 

20 



U224A 

Tray 

20 



U257A 

Tray 

12 



U259A 


12 



U299A 

IMB3M 

12 



U301A 

MSSM 

12 



U303A 

Tray 

12 



U323A 

Tray 

12 
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Immediate Packing Method for Ceramic Packages (Continued) 


Package 

Type 

(Code) 


Cerpack 


Package 

Marketing 

Primary 

Immediate 

Container 

Secondary 

Immediate 

Container 


Method 

Quantity 

Method 

Quantity 


Carrier/ Rail 

19 

Carrier/ Box 

200 


Carrier/ Rail 

19 

Carrier/ Box 

200 

W14C 

Carrier/ Rail 

19 

Carrier/ Box 

200 

W16A 

Carrier/Rail 

19 

Carrier/ Box 

200 


Cerquad 
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Immediate Packing Method for Metal Cans 


Package 

Type 

(Code) 

Package 

Marketing 

Drawing 

Primary 

Immediate 

Container 

Secondary 

Immediate 

Container 

Method 

Quantity 

Method 

Quantity 

TO-5 

H06C 

Tray 

100 

Carrier/ Rail 

18 


H08A 

Tray 

100 

Carrier/ Rail 

18 


H08C 

Tray 

100 

Carrier/ Rail 

18 


H10C 

Tray 

100 

Cerrier/Rail 

18 

TO-18 

H03C 

Box 

1800 

Tray 

100 

TO-39 

BSH 

Tray 

100 

Carrier/Rail 

18 



Tray 

100 

Carrier/Rail 

18 


HA04E 

Tray 

100 

Carrier/Rail 

18 


H02A 


1800 

Tray 

100 


H03H 


1800 

Tray 

100 


H04A 

Box 

1800 

Tray 

100 


H04D 

Box 

1800 

Tray 

100 

TO-52 

H03J 


1800 

Tray 

100 

CM 

£ 

H04C 

Box 

1800 

Tray 

100 
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Immediate Packing Method for Plastic Packages 


Package 

Type 

(Code) 

Package 

Marketing 

Drawing 

Primary 

Immediate 

Container 

Secondary 

Immediate 

Container 

Method 

Quantity 

Method 

Quantity 

Small 

Outline 

Transistor 

(SOT-23) 

M03A 

Tape and Reel 

3000/ 

10000 

Bulk/Bag 

500 

M03B 

Tape and Reel 

3000/ 

10000 

Bulk/Bag 

500 

Small 

Outline 

Package, 

JEDEC 

(SOP) 

M08A 

Rail/Tube 

95 

Tape and Reel 

2500 

M14A 

Rail/Tube 

55 

Tape and Reel 

2500 

M14B 

Rail/Tube 

50 

Tape and Reel 

1000 

M16A 

Rail/Tube 

48 

Tape and Reel 

2500 

M16B 

Rail /Tube 

45 

Tape and Reel 

1000 

M20B 

Rail/Tube 

36 

Tape and Reel 

1000 

M24B 

Rail/Tube 

30 

Tape and Reel 

1000 

M28B 

Rail/Tube 

26 

Tape and Reel 

1000 

Small 

Outline 

Package, 

EIAJ 

(SOP) 

M14D 

Rail/Tube 

47 

Tape and Reel 

1000 

M16D 

Rail/Tube 

47 

Tape and Reel 

iooO 

M20D 

Rail/Tube 

37 

Tape and Reel 

1000 

Shrink 

Small 

Outline 

Package, 

JEDEC 

(SSOP) 

MQA20 

Rail/Tube 

54 


2500 

MQA24 

Rail/Tube 

54 

Tape and Reel 

2500 

MS48A 

Rail/Tube 

29 


1000 

MS56A 

Rail/Tube 

25 

Tape and Reel 

1000 

Shrink 

Small 

Outline 

Package, 

EIAJ 

(SSOP) 

MSA20 

Rail/Tube 

65 

Tape and Reel 

1000 

MSA24 

Rail/Tube 

58 

Tape and Reel 

1000 

MS40A 

Rail/Tube 

34 

Tape and Reel 

1000 

Very 

Small 

Outline 

Package 

(VSOP) 

M40A 

Rail/Tube 

34 

Tape and Reel 

1000 

Thin 

Small 

Outline 

Package, 

EIAJ 

(TSOP) 

MBH32A 

Tray 

156 



Thin 

Shrink 

Small 

Outline 

Package, 

EIAJ 

(TSSOP) 

MTA20 

Tape and Reel 

2500 




6-14 


































































Immediate Packing Method for Plastic Packages (Continued) 


Package 

Type 

(Code) 


Molded 

Dual-ln-Line 

Package 

(MDIP) 


Package 

Marketing 

Drawing 



Primary 

Immediate 

Container 

Method 

Quantity 

Rail/Tube 

40 

Rail/Tube 

25 


20 

Rail/Tube 

25 

Rail/Tube 

20 

Rail/Tube 

20 

Rail/Tube 

18 


15 

1 Rail/Tube 

15 


HB9I 


Rail/Tube 


Rail/Tube 


— — 


Rail/Tube 


Rail/Tube 


Rail/Tube 


Rail/Tube 


Rail/Tube 


Rail/Tube 


Secondary 

Immediate 

Container 


Quantity 


Box 


Box 

300 

Box 


Box 

ibssh 

Box 

300 

Box 

300 

Box 

300 

Box 

300 

Box 

300 

Box 

300 



Tape and Reel 

2000 

Tape and Reel 

2000 



Tape and Reel 

2000 

Tape and Reel 

2000 

Tape and Reel 

2000 

Tape and Reel 

2000 

Tape and Reel 

2000 
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Immediate Packing Method for Plastic Packages (Continued) 


Package 

Type 

(Code) 

Package 

Marketing 

Drawing 

Primary 

Immediate 

Container 

Secondary 

Immediate 

Container 

Method 

Quantity 

Method 

Quantity 

TO-220 

TA02A 

Rail/Tube 

45 

Box 

300 

T02D 

Rail/Tube 

45 

Box 

300 

TA03A 

Rail/Tube 

45 

Box 

300 

TA03B 

Rail/Tube 

45 

Box 

300 

TA03D 

Rail/Tube 

45 

Box 

300 

T03A 

Rail/Tube 

45 

Box 

300 

T03B 

Rail/Tube 

45 

Box 

300 

T03D 

Rail/Tube 

45 

Box 

300 

T03F 

Rail/Tube 

45 

Box 

300 

T05A 

Rail/Tube 

45 

Box 

300 

T05B 

Rail/Tube 

45 

Box 

300 

T05C 

Rail/Tube 

45 

Box 

300 

T05D 

Rail/Tube 

45 

Box 

300 

T05E 

Rail/Tube 

45 

Box 

300 

T05F 

Rail/Tube 

45 

Box 

300 

TA05A 

Rail/Tube 

45 

Box 

300 

TA05B 

Rail/Tube 

45 

Box 

300 

TA11A 

Rail/Tube 

20 

Box 

300 

TA11B 

Rail/Tube 

20 

Box 

300 

TA11C 

Rail/Tube 

20 

Box 

300 

TA11D 

Rail/Tube 

20 

Box 

300 

TA11E 

Rail/Tube 

20 

Box 

300 

TA12A 

Rail/Tube 

20 

Box 

mm m 

TA15A 

Rail/Tube 

20 

Box 

300 

TA23A 

Rail/Tube 

15 

Box 

300 

TapePak® 

TP40A 

Coinstack 

Tube 

100 


25 

Plastic Pin 

Grid Array 
(PPGA) 

UP124A 

Tray 

30 



UP159A 

Tray 

20 



UP175A 

Tray 

20 



Plastic 

Leaded Chip 

Carrier 

(PLCC) 

V20A 

Rail/Tube 

40 



V28A 

Rail/Tube 

35 


750 

V32A 

Rail/Tube 

30 



V44A 

Rail/Tube 

25 


500 

V52A 

Rail/Tube 

22 

Tape and Reel 

500 

V68A 

Rail/Tube 

18 


250 

V84A 

Rail/Tube 

15 


250 
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Immediate Packing Method for Plastic Packages (Continued) 


Package 

Type 

Package 

Marketing 

Primary 

Immediate 

Container 

Secondary 

Immediate 

Container 



Method 

Quantity 

Method 

Quantil 

Plastic Quad 

VEF44A 

Tray 

96 



Flatpack 

(PQFP) 

VBG48A 

Tray 

60 




VHG80A 

Tray 

60 




VJE80A 

Tray 

84 




VCC80A 

Tray 

50/66 




VCE100A 

Tray 

84 




VLJ100A 

Tray 

50 




VJG100A 

Tray 

60 




VNG144A 

Tray 

60 




VUL160A 

Tray 

24 




VQL160A 

Tray 

24 




VUW208A 

Tray 

24 




VF132A 

Tray 

36 




VF196A 

Tray 

21 



TO-92 

Z03A 

Box 

1800 

Tape and Reel 

2000 


Z03B 

Box 

1800 

Tape and Reel 

2000 


Z03C 

Box 

1800 

Tape and Reel 

2000 


Z03D 

Box 

1800 

Tape and Reel 

2000 


Z03E 

Box 

1800 

Tape and Reel 

2000 


Z03G 

Box 

1800 

Tape and Reel 

2000 


Z03H 

Box 

1800 

Tape and Reel 

2000 


Z03J 

Box 

1800 

Tape and Reel 

2000 


Labeling 

National Semiconductor offers 3 standard bar code labels; 
reel and intermediate container labels for Tape and Reel; 
intermediate container label other than for Tape and Reel; 


and outer/shipping container labels. The tape and reel, and 
intermediate container labels are National’s own format 
while the outer/shipping container label is based on the 
EIA-556-A label standard. 


NSC Standard Tape and Reel Label 


CP) CPN= CPN 1 23456789012 


CQ) QTY= 1000 


XYZ COMPRNY 


PO «= PO 123456789012 


CD) D/C: P9236 


DM74RLS253WM 

SPEC 1234 

LOT 12345678912 


This label is placed on the reel (immediate container) as 
well as on the intermediate box. 
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NSC Standard Intermediate Container Label 


XYZ COMPRNY 

(P) CPN CPN 12345678S0 




CQ) QTY 1000 


CD) D.C. P9236 



(R) P.O. PO 123456789012 



^ d opt 

LOT 


DM74RLS253WM P.L. = PL1234 

SPEC1234 REQfl * RV1234 

LOT 123456789 BOX 01 OF 03 

NRTIONRL SEMICONDUCTOR 


NSC Standard Outer/Shipping Container Label 


C3S) PK6 ID: EIR14+EP12345B 



FROM: 22 N S C 

SANTA CLARA t CA 950S1 


Ci« (QUANTITY 


CIO TRANS. ID: 


10000 ER 


PO 1 234567890 1 23456789 


SHIP TO AOORESS 1 
SHIP TO ADDRESS 3 
SHIP TO AOORESS 3 
SHIP TO AOORESS 4 
SHIP TO AOORESS 5 


PACKAGE COUNT 

05 OF 05 
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Board Mount of Surface Mount Components 


Abstract 

In facing the challenges of “Surface Mount Technology”, 
many manufacturers of printed circuit boards have taken 
steps to convert some portions of their boards to this pro- 
cess. However, as the availability of all products as surface 
mount components is still limited, many have had to mix 
lead-inserted components with surface mount devices 
(SMD’s). Furthermore, to take advantage of using both 
sides of the board, some surface mounted components are 
adhered to the bottom side of the board while the top side is 
reserved for the conventional lead-insert packages and fine 
pitch surface mount packages. 

There are three surface mount processes in hi-volume use 
today: 

1 . WAVE SOLDER; the surface mounted components are 
adhered to the bottom side of the board while the top 
side is reserved for the lead-inserted packages. The sur- 
face mount components are subjected to severe thermal 
stress when they are immersed into the molten solder. 

2. INFRA-RED mass reflow; the surface mount compo- 
nents are placed on the solder paste which has been 
applied to the board, the solder joints are formed when 
the board is passed thru the reflow media. The surface 
mount devices are subjected to a controlled thermal en- 
vironment. 

3. VAPOR PHASE mass reflow; the surface mount compo- 
nents are placed on the solder paste which has been 
applied to the board, tbe solder joints are formed when 
the board is passed thru the reflow media. The surface 
mount devices are subjected to a controlled thermal en- 
vironment, more severe than Infra-red but much less 
than wavesolder. 

A discussion of the effect of these processes on the reliabil- 
ity of plastic semiconductor packages follows. 

Role of Wave Soldering in 
Application of SMDs 

The generally acceptable methods of soldering SMDs are 
vapor phase reflow soldering and IR reflow soldering, both 
requiring application of solder paste on PW boards prior to 
placement of the components. However, sentiment still ex- 
ists for retaining the use of the old wave soldering machine. 
The reasons being: 

Most PC Board Assembly houses already possess wave 
soldering equipment. Switching to another technology such 
as vapor phase soldering requires substantial investment in 
equipment and people. 


Due to the limited number of devices that are surface mount 
components, it is necessary to mix both lead inserted com- 
ponents and surface mount components on the same 
board. 

Some components such as relays and switches are made of 
materials which would not be able to survive the tempera- 
ture exposure in a vapor phase or IR furnace. 

PW Board Assembly Procedures 

There are two considerations in which through-hole ICs may 
be combined with surface mount components on the PW 
Board: 

a) Whether to mount ICs on one or both sides of the board. 

b) The sequence of soldering using Vapor Phase, IR or 
Wave Soldering singly or a combination of two or more 
methods. 

The various processes that may be employed are: 

A) WAVE SOLDER BEFORE VAPOR/IR REFLOW 
SOLDER 

1 . Components on the same side of PW Board. Lead insert 
standard DIPS onto PW Board Wave solder (convention- 
al). Wash and lead trim. Dispense solder paste on SEM 
pads. Pick and place SMDs onto PW Board. Bake Vapor 
phase/ 1 R reflow. Clean. 

2. Components on opposite side of PW Board. Lead insert 
standard DIPs onto PW Board Wave Solder (convention- 
al). Clean and lead trim. Invert PW Board. Dispense drop 
of adhesive on SMD sites (optional for smaller compo- 
nents). Pick and place SMDs onto board. Bake/Cure. 
Invert board to rest on raised fixture. Vapor/ 1 R reflow 
soldering. Clean. 

B) VAPOR/IR REFLOW SOLDER THEN WAVE SOLDER 

1. Components on the same side of PW Board. Solder 
paste screened on SMD side of Printed Wire Board. Pick 
and place SMDs. Bake Vapor/ IR reflow. Lead insert on 
same side as SMD’s. Wave solder. Clean and trim under- 
side of PCB. 

C) VAPOR/IR REFLOW ONLY 

1. Components on the same side of PW Board Trim and 
form standard DIPs in “gull wing” configuration. Solder 
paste screened on PW Board. Pick and place SMDs and 
DIPs. Bake Vapor/IR reflow. Clean. 

2. Components on opposite sides of PW Board. Solder 
paste screened on SMD-side of Printed Wire Board. Ad- 
hesive dispensed at central location of each component. 
Pick and place SMDs. Bake. Solder paste screened on 
all pads on DIP-side or alternatively apply solder rings 
(performs) on leads. Lead insert DIPs. Vapor/IR reflow. 
Clean and lead trim. 
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PW Board Assembly Procedures 

(Continued) 

D) WAVE SOLDERING ONLY 

1. Components on opposite sides of PW board. Adhesive 
dispense on SMD side of PW Board. Pick and place 
SMDs. Cure adhesive. Lead insert top side with DIPs. 
Wave solder with SMDs down and into solder bath. 
Clean and lead trim. 

All of the above assembly procedures can be divided into 
three categories for 1C. Reliability considerations: 

1) Components are subjected to both a vapor phase/IR 
heat cycle then followed by a wave-solder heat cycle or 
vice versa. 

2) Components are subjected to only a vapor phase/IR 
heat cycle. 

3) Components are subjected to wave-soldering only and 
SMDs are subjected to heat by immersion into a solder 
pot. 

Of these three categories, the last is the most severe re- 
garding heat treatment to a semiconductor device. Howev- 
er, note that semiconductor molded packages generally 
possess a coating of solder on their leads as a final finish 
for solderability and protection of base leadframe material. 
Most semiconductor manufacturers solder-plate the compo- 
nent leads, while others perform hot solder dip. In the latter 
case the packages may be subjected to total immersion into 
a hot solder bath under controlled conditions (manual oper- 
ation) or be partially immersed while in a “pallet” where 
automatic wave or DIP soldering processes are used. It is, 
therefore, possible to subject SMDs to solder heat under 
certain conditions and not cause catastrophic failures. 

Thermal Characteristics of Molded 
Integrated Circuits 

Since Plastic DIPs and SMDs are encapsulated with a ther- 
moset epoxy, the thermal characteristics of the material 
generally correspond to a TMA (Thermo-Mechanical Analy- 
sis) graph. The critical parameters are (a) its Linear thermal 
expansion characteristics and (b) its glass transition temper- 
ature after the epoxy has been fully cured. A typical TMA 
graph is illustrated in Figure 1. Note that the epoxy changes 
to a higher thermal expansion once it is subjected to tem- 
peratures exceeding its glass transition temperature. Metals 
(as used on leadframes, for example) do not have this char- 
acteristic and generally will have a consistent Linear thermal 
expansion over the same temperature range. 

In any good reliable plastic package, the choice of lead- 
frame material should be such to match its thermal expan- 
sion properties to that of the encapsulating epoxy. In the 
event that there is a mismatch between the two, stresses 
can build up at the interface of the epoxy and metal. There 
now exists a tendency fOr the epoxy to separate from the 
metal leadframe in a manner similar to that observed on 
bimetallic thermal range. 

In most cases when the packages are kept at temperatures 
below their glass transition, there is a small possibility of 
separation at the epoxy-metal interface. However, If the 
package is subjected to temperature above its glass-tran- 
sition temperature, the epoxy will expand much faster than 
the metal and the probability of separation is greatly in- 
creased. 


Transition Temperature 



Conventional Wave Soldering 

Most wave soldering operations occur at temperatures be- 
tween 240°C-260°C. Conventional epoxies for encapsula- 
tion have glass-transition temperatures between 140°C- 
170°C. An I.C. directly exposed to these temperatures risks 
its long term functionality due to epoxy/metal separation. 
Fortunately, there are factors that can reduce that element 
of risk: 

1 . The PW board has a certain amount of heat-sink effort 
and tends to shield the components from the tempera- 
ture of the solder (if they were placed on the top side of 
the board). In actual measurements, DIPs achieve a tem- 
perature between 120°C-150°C in a 5-second pass over 
the solder. This accounts for the fact that DIPs mounted 
in the conventional manner are reliable. 

2) In conventional soldering, only the tip of each lead in DIP 
would experience the solder temperature because the 
epoxy and die are standing above the PW board and out 
of the solder bath. 


Effect on Package Performance by 
Epoxy-Metal Separation 

In wave soldering, it is necessary to use fluxes to assist the 
solderability of the components and PW boards. Some facil- 
ities may even process the boards and components through 
some form of acid cleaning prior to the soldering tempera- 
ture. If separation occurs, the flux residues and acid resi- 
dues (which may be present owing to inadequate cleaning) 
will be forced into the package mainly by capillary action as 
the residues move away from the solder heat source. Once 
the package is cooled, these contaminants are now trapped 
within the package and are available to diffuse with moisture 
from the epoxy over time. It should be noted that electrical 
tests performed immediately after soldering generally will 
give no indication of this potential problem. In any case, the 
end result will be corrosion of the chip metalization over 
time and premature failure of the device in the field. 
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Vapor Phase/IR Reflow Soldering 

In both vapor phase and IR reflow soldering, the risk of 
separation between epoxy/metal can also be high. Maxi- 
mum operating temperatures are 219°C (vapor phase) or 
240°C (IR) and duration may also be longe. (30 sec -60 
sec). On the same theoretical basis, there should also be 
separation. However, in both these methods, solder paste is 
applied to the pads of the boards; no fluxes are used. Also, 
the devices are not immersed into the hot solder. This re- 
duces the possibility of solder forcing itself into the epoxy- 
leadframe interface. Furthermore, in the vapor phase sys- 
tem, the soldering environment is “oxygen-free” and con- 
sidered “contaminant free”. Being so, it could be visualized 
that as far as reliability with respect to corrosion, both of 
these methods are advantageous over wave soldering, 

Bias Moisture Test 

A bias moisture test was designed to determine the effect 
on package performance. In this test, the packages are 
pressured in a steam chamber to accelerate penetration of 
moisture into the package. An electrical bias is applied on 
the device. Should there be any contaminants trapped with- 
in the package, the moisture will quickly form an electrolyte 
and cause the electrodes (which are the lead fingers), the 
gold wire and the aluminum bond-pads of the silicon device 
to corrode. The aluminum bond-pads, being the weakest 
link of the system, will generally be the first to faiL 
This proprietary accelerated bias/ moisture pressure-test is 
significant in relation to the life test condition at 85°C and 
85% relative humidity. One cycle of approximately 100 
hours has been shown to be equivalent to 2,000 hours in 
the 85/85 condition. Should the packages start to fail within 
the first cycle in the test, it is anticipated that the boards with 
these components in the harsh operating environment 
(85°C/85% RH) will experience corrosion and eventual 
electrical failures within its first 2,000 hours of operation. 
Whether this is significant to a circuit board manufacturer 
will obviously be dependent on the products being manufac- 
tured and the workmanship or reliability standards. General- 
ly in systems with a long warranty and containing many 
components, it is advisable both on a reputation and cost 
basis to have the most reliable parts available. 

Test Results 

The comparison of vapor phase and wave-soldering upon 
the reliability of molded Small-Outline packages was per- 
formed using the bias moisture test (see Table IV). It is 
clearly seen that vapor phase reflow soldering gave more 
consistent results. Wave soldering results were based on 
manual operation giving variations in soldering parameters 
such as temperature and duration. 


TABLE IV. Vapor Phase vs. Wave Solder 

1. Vapor phase (60 sec. exposure @ 217°C) 

= 9 failures/1723 samples 
= 0.5% (average over 32 sample lots) 

2. Wave solder (2 sec total immersion @ 260°C) 

= 16 failures/ 1201 samples 
= 1.3% (average over 27 sample lots) 
Package: SO-14lead 
Test: Bias moisture test 85% R.H. 

85°C for 2,000 hours 
Device: LM324M 


In Table V we examine the tolerance of the Small-Outlined 
(SOIC) package to varying immersion time in a hot solder 
pot. SO-14 lead molded packages were subjected to the 
bias moisture test after being treated to the various solder- 
ing conditions and repeated four (4) times. End point was an 
electrical test after an equivalent of 4,000 hours 85/85 test. 
Results were compared for packages by themselves 
against packages which were surface-mounted onto a FR-4 
printed wire board. 


TABLE V. Summary of Wave Solder Results 



Unmounted 

Mounted 

Control /Vapor Phase 
15 sec @ 215°C 

0/114 

0/84 

Solder Dip 

4 Sec @ 260° C 

2/144 (1.4%) 

0/85 

Solder Dip 

4 Sec @ 260°C 

— 

0/83 

Solder Dip 

6 Sec @ 260°C 

13/248 (5.2%) 

1/76 (1.3%) 

Solder Dip 

1 0 Sec @ 260°C 

14/127 (11.0%) 

3/79 (3.8%) 

Package: SO-14 lead 

Device: LM324M 


Since the package is of very small mass and experiences a 
rather sharp thermal shock followed by stresses created by 
the mismatch in expansion, the results show the packages 
being susceptible to failures after being immersed in excess 
of 6 seconds in a solder pot. In the second case where the 
packages were mounted, the effect of severe temperature 
excursion was reduced. In any case, because of the repeat- 
ed treatment, the package had failures when subjected in 
excess of 6 seconds immersion in hot solder. The safety 
margin is therefore recommended as maximum 4 seconds 
immersion. If packages were immersed longer then 4 sec- 
onds, there is a probable chance of finding some 'ong term 
reliability failures even though the immediate electrical test 
data could be acceptable. 
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Finally, Table VI examines the bias moisture test performed 
on surface mount (SOIC) components manufactured by var- 
ious semiconductor houses. End point was an electrical test 
after an equivalent of 6,000 hours in an 85/85 test. Failures 
were analyzed and corrosion was checked for in each case 
to detect flaws in package integrity. 

TABLE VI. U.S. Manufacturing Integrated Circuits 
Reliability in Various Solder Environments 
(# Failure/Total Environment) 


Package 

SO-8 

Vapor 

Phase 

30 sec 

Wave 

Solder 

2 sec 

Wave 
Solder 
4 sec 

Wave 

Solder 

6 sec 

Manuf A 

8/30* 

1/30* 

0/30 

12/30* 

Manuf B 

2/30* 

8/30* 

2/30* 

22/30* 

Manuf C 

0/30 

0/29 

0/29 

0/30 

Manuf D 

1/30* 

12/30* 

14/30* 

* 

o 

CO 

CM 

Manuf E 

1/30** 

0/30 

0/30 

0/30 

Manuf F 

0/30 

0/30 

0/30 

0/30 

NSC 

0/30 

0/30 

0/30 

0/30 


•Corrosion failures 

'•No Visual Defects-Non-corrosion failues 
Test Accelerated Bias Moisture Test: 85% R.H./85°C. 6,000 equivalent 
hours 


Summary 

Based on the results presented, it is noted that surface- 
mounted components are as reliable as standard molded 
DIP packages. Whereas DIPs were never processed by be- 
ing totally immersed in hot solder wave during printed circuit 
board soldering, surface mounted components such as 
SOICs (Small Outline) are expected to survive a total immer- 
sion in the hot solder in order to capitalize on maximum 
population on boards. Being constructed from a thermoset 
plastic of relatively low T g compared to the soldering tem- 
perature, the ability of the package to survive is dependent 
on the time of immersion and also the cleanliness of materi- 
al. The results indicate that one should limit the immersion 
time of the package in the solder wave to a maximum of 4 
seconds in order to truly duplicate the reliability of a DIP. As 
the package size is reduced, as in a SO-8 lead, the require- 
ment becomes even more critical. This is shown by the vari- 
ous manufacturers’ performance. Results indicate there is 
room for improvement since not all survived the hot solder 
immersion without compromise to lower reliability. 
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Recommended Soldering Profiles — Surface Mount 


Ramp Up °C/sec 



Dwell Time ^ 183°C 


Solder Temperature 



Maximum 


Recommended 


Minimum 


Maximum 


Recommended 


Minimum 


Maximum 


Recommended 


Minimum 


Maximum 


Recommended 


Minimum 


Maximum 


Recommended 


Wave 

Solder 


6°C/sec 


4°C/sec* 


4 seconds 


3 seconds 


Ramp Down °C/sec 


Note: Temperature in degrees celcius. N/A = Not Applicable. 

AT = The temperature differential between the final preheat stage and 
•Will vary depending on board density, geometry, and package type. 
**Will vary depending on package types, and board density. 

***For plastic packages; ceramic packages maximum may be 250°C. 


IR 

Profile 


4°C/sec 


2°C/sec* 


Maximum 

No Information 

Recommended 

4°C/sec 

Minimum 

No Information 


24°C/sec 


2°C/sec 



10 seconds 


5 seconds 


1 second 


4°C/sec 


2°C/sec 


the soldering stage. Temperature measured at the component l< 


75 


70 seconds 


4°C/sec 


2°C/sec 
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Small Outline (SO) Package 
Surface Mounting Methods- 
Parameters and Their 
Effect on Product Reliability 

The SO (small outline) package has been developed to 
meet customer demand for ever-increasing miniaturization 
and component density. 

COMPONENT SIZE COMPARISON 

S.O. Package 


— TYPICALLY 0.050" LEADSPACING 

TL/F/8766-1 

Standard DIP Package 


—| f— “ TYPtCAlUf 0.WP LEADSMCMB TL/F/8766-2 

Because of its small size, reliability of the product assem- 
bled in SO packages needs to be carefully evaluated. 

SO packages at National were internally qualified for pro- 
duction under the condition that they be of comparable reli- 
ability performance to a standard dual in line package under 
all accelerated environmental tests. Figure A is a summary 
of accelarated bias moisture test performance on 30V bipo- 
lar and 15V CMOS product assembled in SO and DIP (con- 
trol) packages. 


0 2000 4000 6000 

TEST TIME (HRS) 

TL/F/8766-3 

FIGURE A 





National Semiconductor 
Application Note 450 
Josip Huljev 
W. K. Boey 


In order to achieve reliability performance comparable to 
DIPs — SO packages are designed and built with materials 
and processes that effectively compensate for their small 
size. 

All SO packages tested on 85% R A, 85°C were assembled 
on PC conversion boards using vapor-phase reflow solder- 
ing. With this approach we are able to measure the effect of 
surface mounting methods on reliability of the process. As 
illustrated in Figure A no significant difference was detected 
between the long term reliability performance of surface 
mounted S.O. packages and the DIP control product for up 
to 6000 hours of accelerated 85%/85°C testing. 

SURFACE-MOUNT PROCESS FLOW 

The standard process flowcharts for basic surface-mount 
operation and mixed-lead insertion/surface-mount opera- 
tions, are illustrated on the following pages. 

Usual variations encountered by users of SO packages are: 

• Single-sided boards, surface-mounted components only. 

• Single-sided boards, mixed-lead inserted and surface- 

mounted components. / 

• Double-sided boards, surface-mounted components only. 

• Double-sided boards, mixed-lead inserted and surface- 
mounted components. 

In consideration of these variations, it became necessary for 
users to utilize techniques involving wave soldering and ad- 
hesive applications, along with the commonly-used vapor- 
phase solder reflow soldering technique. 

PRODUCTION FLOW 


Basic Surface-Mount Production Flow 




TL/F/8766-4 




Mixed Surface-Mount and Axial-Leaded Insertion 
Components Production Flow 
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Thermal stress of the packages during surface-mounting 
processing is more severe than during standard DIP PC 
board mounting processes. Figure B illustrates package 
temperature versus wave soldering dwell time for surface 
mounted packages (components are immersed into the 
molten solder) and the standard DIP wave soldering pro- 
cess. (Only leads of the package are immersed into the mol- 
ten solder). 



DWELL TIME 

TL/F/8766-6 

FIGURE B 

For an ideal package, the thermal expansion rate of the 
encapsulant should match that of the leadframe material in 
order for the package to maintain mechanical integrity dur- 
ing the soldering process. Unfortunately, a perfect matchup 
of thermal expansion rates with most presently used pack- 
aging materials is scarce. The problem lies primarily with the 
epoxy compound. 

Normally, thermal expansion rates for epoxy encapsulant 
and metal lead frame materials are linear and remain fairly 
close at temperatures approaching 160°C, Figure C. At low- 
er temperatures the difference in expansion rate of the two 
materials is not great enough to cause interface separation. 
However, when the package reaches the glass-transition 
temperature (T g ) of epoxy (typically 160-1 65°C), the ther- 
mal expansion rate of the encapsulant increases sharply, 
and the material undergoes a transition into a plastic state. 
The epoxy begins to expand at a rate three times or more 
greater than the metal leadframe, causing a separation at 
the interface. 



TL/F/8766-26 
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AN-450 




AN-450 


When this happens during a conventional wave soldering 
process using flux and acid cleaners, process residues and 
even solder can enter the cavity created by the separation 
and become entrapped when the material cools. These 
contaminants can eventually diffuse into the interior of the 
package, especially in the presence of moisture. The result 
is die contamination, excessive leakage, and even cata- 
strophic failure. Unfortunately, electrical tests performed im- 
mediately following soldering may not detect potential flaws. 
Most soldering processes involve temperatures ranging up 
to 260°C, which far exceeds the glass-transition tempera- 
ture of epoxy. Clearly, circuit boards containing SMD pack- 
ages require tighter process controls than those used for 
boards populated solely by DIPs. 

Figure D is a summary of accelerated bias moisture test 
performance on the 30V bipolar process. 

Group 1 — Standard DIP package 
Group 2 — SO packages vapor-phase reflow soldered on 
PC boards 

Group 3-6 SO packages wave soldered on PC boards 
Group 3 — dwell time 2 seconds 

4 — dwell time 4 seconds 

5 — dwell time 6 seconds 

6 — dwell time 10 seconds 



TEST TIME (HRS) 

TL/F/8766-7 

FIGURED 

It is clear based on the data presented that SO packages 
soldered onto PC boards with the vapor phase reflow pro- 
cess have the best long term bias moisture performance 
and this is comparable to the performance of standard DIP 
packages. The key advantage of reflow soldering methods 
is the clean environment that minimized the potential for 
contamination of surface mounted packages, and is pre- 
ferred for the surface-mount process. 

When wave soldering is used to surface mount components 
on the board, the dwell time of the component under molten 
solder should be no more than 4 seconds, preferrably under 
2 seconds in order to prevent damage to the component. 
Non-Halide, or (organic acid) fluxes are highly recommend- 
ed. 

PICK AND PLACE 

The choice of automatic (all generally programmable) pick- 
and-place machines to handle surface mounting has grown 
considerably, and their selection is based on individual 
needs and degree of sophistication. 


The basic component-placement systems available are 
classified as: 

(a) In-line placement 

— - Fixed placement stations 

— Boards indexed under head and respective compo- 
nents placed 

(b) Sequential placement 

— Either a X-Y moving table system or a 9, X-Y moving 
pickup system used 

—Individual components picked and placed onto boards 

(c) Simultaneous placement 
— Multiple pickup heads 

— Whole array of components placed onto the PCB at 
the same time 

(d) Sequential/simultaneous placement 

— X-Y moving table, multiple pickup heads system 
— Components placed on PCB by successive or simul- 
taneous actuation of pickup heads 
The SO package is treated almost the same as surface- 
mount, passive components requiring correct orientation in 
placement on the board. 

Pick and Place Action 



TL/F/8766-8 


BAKE 

This is recommended, despite claims made by some solder 

paste suppliers that this step be omitted. 

The functions of this step are: 

• Holds down the solder globules during subsequent reflow 
soldering process and prevents expulsion of small solder 
balls. 

• Acts as an adhesive to hold the components in place dur- 
ing handling between placement to reflow soldering. 

• Holds components in position when a double-sided sur- 
face-mounted board is held upside down going into a va- 
por-phase reflow soldering operation. 

• Removes solvents which might otherwise contaminate 
other equipment. 

• Initiates activator cleaning of surfaces to be soldered. 

• Prevents moisture absorption. 
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The process is moreover very simple. The usual schedule is 
about 20 minutes in a 65°C-95°C (dependent on solvent 
system of solder paste) oven with adequate venting. Longer 
bake time is not recommended due to the following rea- 
sons: 

• The flux will degrade and affect the characteristics of the 
paste. 

• Solder globules will begin to oxidize and cause solderabili- 
ty problems. 

• The paste will creep and after reflow, may leave behind 
residues between traces which are difficult to remove and 
vulnerable to electro-migration problems. 

REFLOW SOLDERING 

There are various methods for reflowing the solder paste, 
namely: 

• Hot air reflow 

• Infrared heating (furnaces) 

• Convectional oven heating 

• Vapor-phase reflow soldering 

• Laser soldering 

For SO applications, hot air reflow/infrared furnace may be 
used for low-volume production or prototype work, but va- 
por-phase soldering reflow is more efficient for consistency 
and speed. Oven heating is not recommended because of 
“hot spots” in the oven and uneven melting may result. La- 
ser soldering is more for specialized applications and re- 
quires a great amount of investment. 

HOT GAS REFLOW/INFRARED HEATING 

A hand-held or table-mount air blower (with appropriate ori- 
fice mask) can be used. 

The boards are preheated to about 100°C and then subject- 
ed to an air jet at about 260°C. This is a slow process and 
results may be inconsistent due to various heat-sink proper- 
ties of passive components. 

INFRARED REFLOW SOLDERING 

Use of an infrared furnace is currently the most popular 
method to automate mass reflow, the heating is promoted 
by use of IR lamps or panels. Early objections to this meth- 
od were that certain materials may heat up at different rates 
under IR radiation and could result in damage to those com- 
ponents (usually sockets and connectors). This has been 
minimized by using far-infrared (non-focused) systems and 
convected air. 

Infrared Profile 
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VAPOR-PHASE REFLOW SOLDERING 

Currently the most popular and consistent method, vapor- 
phase soldering utilizes a fluoroinert fluid with excellent 
heat-transfer properties to heat up components until the sol- 
der paste reflows. The maximum temperature is limited by 
the vapor temperature of the fluid. 

The commonly used fluids (supplied by 3M Corp) are: 

• FC-70, 215°C vapor (most applications) or FX-38 

• FC-71, 253°C vapor (low-lead or tin-plate) 

HTC, Concord, CA, manufactures equipment that utilizes 
this technique, with two options: 

• Batch systems, where boards are lowered in a basket and 
subjected to the vapor from a tank of boiling fluid. 

• In-line conveyorized systems, where boards are placed 
onto a continuous belt which transports them into a con- 
cealed tank where they are subjected to an environment 
of hot vapor. 

Dwell time in the vapor is generally on the order of 15-30 
seconds (depending on the mass of the boards and the 
loading density of boards on the belt). 

Vapor-Phase Profile 



[U 20 DEG C/s«c 


0 20 40 60 80 100 120 140 160 180 


In-Line Conveyorized Vapor-Phase Soldering 
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50 100 150 199 250 300 


IMMERSION HEATER 


The question of thermal shock is asked frequently because 
of the relatively sharp increase in component temperature 
from room temperature to 215°C. SO packages mounted on 
representative boards have been tested and have shown 
little effect on the integrity of the packages. Various pack- 
ages, such as cerdips, metal cans and TO-5 cans with glass 
seals, have also been tested. 
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Batch-Fed Production Vapor-Phase Soldering Unit 


SECONDARY 

COILS 


BOILING LIQUID 


IMMERSION HEATER 


Solder Joints on a SO- 14 Package on PCB 


Vapor-Phase Furnace 
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Solder Joints on a SO-1 4 Package ori PCB 



PRINTED CIRCUIT BOARD 

The SO package is molded out of clean, thermoset plastic 
compound and has no particular compatibility problems with 
most printed circuit board substrates. 

The package can be reliably mounted onto substrates such 
as: 

• G10 or FR4 glass/resin 

• FR5 glass/resin systems for high-temperature 
applications 

• Polymide boards, also high-temperature 
applications 

• Ceramic substrates 

General requirements for printed circuit boards are: 

• Mounting pads should be solder-plated whenever 
applicable. 

• Solder masks are commonly used to prevent solder bridg- 
ing of fine lines during soldering. 

The mask also protects circuits from processing chemical 
contamination and corrosion. 

If coated over pre-tinned traces, residues may accumulate 
at the mask/trace interface during subsequent reflow, 
leading to possible reliability failures. 

Recommended application of solder resist on bare, clean 
traces prior to coating exposed areas with solder. 

General requirements for solder mask: 

— Good pattern resolution. 

— Complete coverage of circuit lines and resistance to 
flaking during soldering. 

— Adhesion should be excellent on substrate material to 
keep off moisture and chemicals. 

— Compatible with soldering and cleaning requirements. 
SOLDER PASTE SCREEN PRINTING 

With the initial choice of printed circuit lithographic design 
and substrate material, the first step in surface mounting is 
the application of solder paste. 

The typical lithographic “footprints” for SO packages are 
illustrated below. Note that the 0.050" lead center-center 
spacing is not easily managed by commercially-available air 
pressure, hand-held dispensers. 

Using a stainless-steel, wire-mesh screen stencilled with an 
emulsion image of the substrate pads is by far the most 


common and well-tried method. The paste is forced through 
the screen by a V-shaped plastic squeegee in a sweeping 
manner onto the board placed beneath the screen. 

The setup for SO packages has no special requirement 
from that required by other surface-mounted, passive com- 
ponents. Recommended working specifications are: 

•Use stainless-steel, wire-mesh screens, #80 or #120, 
wire diameter 2.6 mils. Rule of thumb: mesh opening 
should be approximately 2.5-5 times larger than the aver- 
age particle size of paste material. 

• Use squeegee of Durometer 70. 

• Experimentation with squeegee travel speed is recom- 
mended, if available on machine used. 

• Use solder paste of mesh 200-325. 

• Emulsion thickness of 0.005" usually used to achieve a 
solder paste thickness (wet) of about 0.008" typical. 

• Mesh pattern should be 90 degrees, square grid. 

• Snap-off height of screen should not exceed y 8 " , to avoid 
damage to screens and minimize distortion. 

SOLDER PASTE 

Selection of solder paste tends to be confusing, due to nu- 
merous formulations available from various manufacturers. 
In general, the following guidelines are sufficient to qualify a 
particular paste for production: 

• Particle sizes (see following photographs). Mesh 325 (ap- 
proximately 45 microns) should be used for general pur- 
poses, while larger (solder globules) particles are pre- 
ferred for leadless components (LCC). The larger particles 
can easily be used for SO packages. 

• Uniform particle distribution. Solder globules should be 
spherical in shape with uniform diameters and minimum 
amount of elongation (visual under 100/200 x magnifica- 
tion). Uneven distribution causes uneven melting and sub- 
sequent expulsion of smaller solder balls away from their 
proper sites. 

• Composition, generally 60/40 or 63/37 Sn/Pb. Use 62/36 
Sn/Pb with 2% Ag in the presence of Au on the soldering 
area. This formulation reduces problems of metal leaching 
from soldering pads. 

• RMA flux system usually used. 

• Use paste with aproximately 88-90% solids. 
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RECOMMENDED SOLDER PADS FOR SO PACKAGES 
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SO-8, SO- 14, SO-16 
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Comparison of Particle Size/Shape of Various Solder Pastes 
200 X Alpha (62/36/2) 200 X Kester (63/37) 



TL/F/8766-17 TL/F/8766-18 
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CLEANING 

The most critical process in surface mounting SO packages 
is in the cleaning cycle. The package is mounted very close 
to the surface of the substrate and has a tendency to collect 
residue left behind after reflow soldering. 

Important considerations in cleaning are: 

• Time between soldering and cleaning to be as short as 
possible. Residue should not be allowed to solidify on the 
substrate for long periods of time, making it difficult to 
dislodge. 

• A low surface tension solvent (high penetration) should be 
employed. CFC solvents are being phased out as they are 
hazardous to the environment. Other approaches to 
cleaning are commercially available and should be investi- 
gated on an individual basis considering local and govern- 
ment environmental rules. 

Prelete or 1,1,1-Trichloroethane 
Kester 5120/5121 

• A defluxer system which allows the workpiece to be sub- 
jected to a solvent vapor, followed by a rinse in pure sol- 
vent and a high-pressure spray lance are the basic requir- 
ments for low-volume production. 

• For volume production, a conveyorized, multiple hot sol- 
vent spray/jet system is recommended. 

• Rosin, being a natural occurring material, is not readily 
soluble in solvents, and has long been a stumbling block 
to the cleaning process. In recent developments, synthet- 
ic flux (SA flux), which is readily soluble in Freon TMS 
solvent, has been developed. This should be explored 
where permissible. 

The dangers of an inadequate cleaning cycle are: 

• Ion contamination, where ionic residue left on boards 
would cause corrosion to metallic components, affecting 
the performance of the board. 

• Electro-migration, where ionic residue and moisture pres- 
ent on electrically-biased boards would cause dentritic 
growth between close spacing traces on the substrate, 
resulting in failures (shorts). 

REWORK 

Should there be a need to replace a component or re-align 
a previously disturbed component, a hot air system with ap- 
propriate orifice masking to protect surrounding compo- 
nents may be used. 

When rework is necessary in the field, specially-designed 
tweezers that thermally heat the component may be used to 
remove it from its site. The replacement can be fluxed at the 


Hot-Air Solder Rework Station 



Hot-Air Rework Machine 
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lead tips or, if necessary, solder paste can be dispensed 
onto the pads using a varimeter. After being placed into 
position, the solder is reflowed by a hot-air jet or even a 
standard soldering iron. 

WAVE SOLDERING 

In a case where lead insertions are made on the same 
board as surface-mounted components, there is a need to 
include a wave-soldering operation in the process flow. 

Two options are used: 

• Surface mounted components are placed and vapor 
phase reflowed before auto-insertion of remaining compo- 
nents. The board is carried over a standard wave-solder 
system and the underside of the board (only lead-inserted 
leads) soldered. 

• Surface-mounted components are placed in position, but 
no solder paste is used. Instead, a drop of adhesive about 
5 mils maximum in height with diameter not exceeding 
25% width of the package is used to hold down the pack- 
age. The adhesive is cured and then proceeded to auto- 
insertion on the reverse side of the board (surface-mount- 
ed side facing down). The assembly is then passed over a 
“dual wave” soldering system. Note that the surface- 
mounted components are immersed into the molten sol- 
der. 

Lead trimming will pose a problem after soldering in the 
latter case, unless the leads of the insertion components 
are pre-trimmed or the board specially designed to localize 
certain areas for easy access to the trim blade. 

The controls required for wave soldering are: 

• Solder temperature to be 240-260°C. The dwell time of 
components under molten solder to be short (preferably 
kept under 2 seconds), to prevent damage to most com- 
ponents and semiconductor devices. 

• RMA (Rosin Mildly Activated) flux or more aggressive OA 
(Organic Acid) flux are applied by either dipping or foam 
fluxing on boards prior to preheat and soldering. Cleaning 
procedures are also more difficult (aqueous, when OA flux 
is used), as the entire board has been treated by flux (un- 
like solder paste, which is more or less localized). Non- 
halide OA fluxes are highly recommended. 

• Preheating of boards is essential to reduce thermal shock 
on components. Board should reach a temperature of 
about 1 00°C just before entering the solder wave. 

• Due to the closer lead spacings (0.050" vs 0.100" for 
dual-in-line packages), bridging of traces by solder could 
occur. The reduced clearance between packages also 
causes “shadowing” of some areas, resulting in poor sol- 
der coverage. This is minimized by dual-wave solder sys- 
tems. 
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Mixed Surface Mount and Lead Insertion 


ADHESIVE 



(a) Same Side (b) Opposite Sides 



A typical dual-wave system is illustrated below, showing the 
various stages employed. The first wave typically is in turbu- 
lence and given a transverse motion (across the motion of 
the board). This covers areas where “shadowing” occurs. A 
second wave (usually a broad wave) then proceeds to per- 
form the standard soldering. The departing edge from the 
solder is such to reduce “icicles,” and is still further reduced 
by an air knife placed close to the final soldering step. This 
air knife will blow off excess solder (still in the fluid stage) 
which would otherwise cause shorts (bridging) and solder 
bumps. 

AQUEOUS CLEANING 

• For volume production, a conveyorized system is often 
used with a heated recirculating spray wash (water tem- 
perature 130°C), a final spray rinse (water temperature 
45-55°C), and a hot (120°C) air/air-knife drying section. 

• For low-volume production, the above cleaning can be 
done manually, using several water rinses/tanks. Fast- 
drying solvents, like alcohols that are miscible with water, 
are sometimes used to help the drying process. 

• Neutralizing agents which will react with the corrosive ma- 
terials in the flux and produce material readily soluble in 
water may be used; the choice depends on the type of flux 
used. 

• Final rinse water should be free from chemicals which are 
introduced to maintain the biological purity of the water. 
These materials, mostly chlorides, are detrimental to the 
assemblies cleaned because they introduce a fresh 
amount of ionizable material. 


Dual Wave 
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CONFORMAL COATING 

Conformal coating is recommended for high-reliability PCBs 

to provide insulation resistance, as well as protection 

against contamination and degradation by moisture. 

Requirements: 

• Complete coating over components and solder joints. 

• Thixotropic material which will not flow under the pack- 
ages or fill voids, otherwise will introduce stress on solder 
joints on expansion. 

• Compatibility and possess excellent adhesion with PCB 
material/components. 

• Silicones are recommended where permissible in 
application. 
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SMD Lab Support 

FUNCTIONS 

Demonstration— Introduce first-time users to surface- 
mounting processes. 

Service— Investigate problems experienced by users on 
surface mounting. 

Reiiability Builds — Assemble surface-mounted units for re- 
liability data acquisition. 


Techniques— Develop techniques for handling different 
materials and processes in surface mounting. 

Equipment— In conjunction with equipment manufacturers, 
develop customized equipments to handle high density, 
new technology packages developed by National. 

In-House Expertise— Availability of in-house expertise on 
semiconductor research/development to assist users on 
packaging queries. 
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Land Pattern Recommendations 


The following land pattern recommendations are provided as guidelines for board layout and assembly purposes. 

These recommendations cover the following National Semiconductor packages: PLCC, PQFP, SOP, SSOP and TSOP. 

For SOT-23 (5-Lead) and TO-263 (3- or 5-Lead) packages, refer to land patterns shown in the Physical Dimensions for MA05A 
and TS3B or TS5B packages, respectively. 
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JEDEC Small Outline and Shrink Small Outline Packages (SOP and SSOP) 
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Lead 

Count 

No. 

C 

L 

W 

P 

A 

B 

X 

Body 

Shoulder 

Lead Tip 

Lead 

Lead/Pad 

Inner Pad 

Outer Pad 

Pad 

Size 

to Shoulder 

to Tip 

Width 

Pitch 

to Pad Edge 

to Pad Edge 

Width 

(in) 

(in) 

(in) 

(in) 

(in) 

(in) 

(in) 

(in) 

SOP 

0.150 

8 

0.144 

0.244 

0.020 

0.050 

0.094 

0.294 

0.028 

0.150 

14 

0.144 

0.244 

0.020 

0.050 

0.094 

,0.294 

0.028 

0.150 

16 

0.144 

0.244 

0.020 

0.050 

0.094 

0.294 

0.028 

0.300 

14 

0.3300 

0.4100 

0.0190 

0.0500 

0.2800 

0.4600 

0.0270 

0.300 

16 

0.3300 

0.4100 

0.0190 


0.2800 

0.4600 

0.0270 

0.300 

20 

0.3300 

0.4100 

0.0190 


0.2800 


0.0270 

0.300 

24 

0.3300 

0.4100 

0.0190 


0.2800 

0.4600 

0.0270 

0.300 

28 

0.3300 

0.4100 

0.0190 


0.2800 

0.4600 

0.0270 

SSOP 

0.150 

20 

6.185 

0.241 

0.010 

0.025 

0.145 

0.281 

0.014 

0.150 

24 

0.185 

0.241 

0.010 

0.025 

0.145 

0.281 

0.014 

0.300 

48 

0.340 

0.420 

0.012 

0.025 


0.460 

0.016 

0.300 

56 

0.340 

0.420 

0.012 

0.025 



0.016 
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EIAJ Small Outline, Shrink Small Outline, and Thin Small Outline Packages (SOP, SSOP and TSOP) 
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Lead Tip 
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Outer Pad 
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to Tip 

Width 

Pitch 

to Pad Edge 

to Pad Edge 

(mm) 

(mm) 

(mm) 

(mm) 

(mm) 

(mm) 



SOP TYPE II 

5.300 

14 

6.280 

8.000 

0.400 

1.270 

5.010 

9.270 

0.600 

5.300 

16 

6.280 

8.000 

0.400 

1.270 

5.010 

9.270 

0.600 

5.300 

20 

6.280 

8.000 

0.400 

1.270 

5.010 

9.270 

0.600 

SSOP TYPE II 

5.300 

20 

6.600 

8.100 

0.400 

0.650 

5.584 

9.116 

0.451 

5.300 

24 

6.600 

8.100 

0.400 

0.650 

5.584 

9.116 

0.451 

SSOP TYPE III 

7.500 

40 

8.900 

10.500 

0.350 

0.650 

7.884 

11.516 

0.452 

TSOP TYPE 1 

18.500 

32 

19.000 

20.200 

0.250 

0.500 

17.984 

21.216 

0.301 
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National Semiconductor 


Appendix A 

General Product Marking & Code Explanation 


LF 356 N /A+ 


Package Type 


- Reliability Program (Optional) 

(Refer to Appendix C) 

- Package Type (See Right) 

- Device Number (Generic Type) 
and Suffix Letter (Optional) 

A or B: Improved 
Electrical 
Specification 
C, I, E or M: Temperature 
Range 

■ Device Family (See Below) 


Device Family 


ADC 

Data Conversion 

AF 

Active Filter 

AH 

Analog Switch (Hybrid) 

DAC 

Data Conversion 

DM 

Digital (Monolithic) j 

HS 

Hybrid 

LF 

Linear (BI-FETtm) 

LH 

Linear (Hybrid) 

LM 

Linear (Monolithic) 

LMC 

Linear CMOS 

LMD 

Linear DMOS 

LP 

Linear (Low Power) 

LPC 

Linear CMOS (Low Power) 

MF 

Linear (Monolithic Filter) 

LMF 

Linear Monolithic Filter 


D 

Glass/Metal DIP 

E 

Ceramic Leadless Chip Carrier (LCC) 

F 

Glass/ Metal Flat Pak (%" x %" ) 

G 

1 2 Lead TO-8 Metal Can (M/C) 

H 

Multi-Lead Metal Can (M/C) 

H-05 

4 Lead M/C (TO-5) j Shipped with 

H-46 

4 Lead M/C (TO-46) J Thermal Shield 

J 

Lo-Temp Ceramic DIP 

J-8 

8 Lead Ceramic DIP (“MiniDIP”) 

J-14 

14 Lead Ceramic DIP (-14 used only when 
product is also available in -8 pkg). 

K 

TO-3 M/C in Steel, except LM309K 
which is shipped in Aluminum 

KC 

TO-3 M/C (Aluminum) 

K Steel 

TO-3 M/C (Steel) 

M 

Small Outline Package 

M3 

3-Lead Small Outline Package 

M5 

5-Lead Small Outline Package 

N 

Molded DIP (EPOXY B) 

N-01 

Molded DIP (Epoxy B) with Staggered Leads 

N-8 

8 Lead Molded DIP (Epoxy B) (“Mini-DIP”) 

N-14 

14 Lead Molded DIP (Epoxy B) 

(-14 used only when product is also 
available in -8 pkg). 

P 

3 Lead TO-202 Power Pkg 

Q 

Cerdip with UV Window 

S 

3,5,1 1 , & 1 5 Lead TO-263 Surf. Mt. Power Pkg 

T 

3,5,1 1 ,1 5 & 23 Lead TO-220 PWR Pkg (Epoxy B) 

V 

Multi-lead Plastic Chip Carrier (PCC) 

W 

Lo-Temp Ceramic Flat Pak 

WM 

Wide Body Small Outline Package 


DATE CODE 
NON -MILITARY 

2ND DIGIT - CALENDAR YEAR 
3RDA4TH DIGITS -CALENDAR WORK WEEK 

MILITARY -883 A M385 10 

1ST A 2ND DIGITS -CALENDAR YEAR 
3RD A 4TH DIGITS -CALENDAR WORK WEEK 


DATE CODE 

1ST DIGIT - CALENDAR YEAR 
2ND DIGIT - 6-WEEK PERIOD 
IN CALENDAR YEAR 



MILITARY ONLY 
ESD 

(ELECTROSTATIC DISCHARGE) 
SENSITIVITY INDICATOR 


PART NUMBER 



TL/XX/0027-2 
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Device/ Application Literature Cross-Reference 
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Appendix B 
Device/Application Literature 

Cross-Reference 

Device Number 


Application Literature 

ADCXXXX 


AN-156 

ADC80 


AN-360 

ADC0801 

AN-233, AN-271 , AN-274, AN-280, AN-281 , AN-294, LB-53 

ADC0802 


AN-233, AN-274, AN-280, AN-281, LB-53 

ADC0803 


AN-233, AN-274, AN-280, AN-281, LB-53 

ADC08031 


AN-460 

ADC0804 

AN-233, AN-274, AN-276, AN-280, AN-281 , AN-301 , AN-460, LB-53 

ADC0805 


AN-233, AN-274, AN-280, AN-281 , LB-53 

ADC0808 


AN-247, AN-280, AN-281 

ADC0809 


AN-247, AN-280 

ADC0816 


AN-193, AN-247, AN-258, AN-280 

ADC0817 


AN-247, AN-258, AN-280 

ADC0820 


AN-237 

ADC0831 


AN-280, AN-281 

ADC0832 


AN-280 r AN-281 

ADC0833 


AN-280, AN-281 

ADC0834 


AN-280, AN-281 

ADC0838 


AN-280, AN-281 

ADC1001 


AN-276, AN-280, AN-281 

ADC1005 


AN-280 

ADC10461 


AN-769 

ADC10462 


AN-769 

ADC10464 



ADC 10662 



ADC10664 


AN-769 

ADC12030 


AN-929 

ADC12032 


AN-929 

ADC12034 


AN-929 

ADC12038 


AN-929 

ADC12H030 


AN-929 

ADC12H032 


AN-929 

ADC12H034 


AN-929 

ADC12H038 


AN-929 

ADC12L030 


AN-929 

ADC12L03 2 


AN-929 

ADC12L034 


AN-929 

ADC12L038 


AN-929 

ADC1210 


AN-245 

ADC12441 


.AN-769 

ADC12451 


AN-769 

DACXXXX 


AN-156 

DAC0800 


AN-693 

DAC0830 


AN-284 
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Device/Application Literature Cross-Reference (Continued) 

Device Number Application Literature 

DAC0831 AN-271 , AN-284 

DAC0832 AN-271, AN-284 

DAC1006 AN-271, AN-275, AN-277, AN-284 

DAC1 007 AN-271 , AN-275, AN-277, AN-284 

DAC1008 AN-271 , AN-275, AN-277, AN-284 

D AC 1020 AN-263, AN-269, AN-2293, AN-294, AN-299 

DAC1021 AN-269 

DAC1022 AN-269 

DAC1208 AN-271, AN-284 

DAC1209 AN-271, AN-284 

DAC1210 AN-271, AN-284 

DAC1218 AN-293 

DAC1219 AN-693 

DAC1220 AN-253, AN-269 

DAC1221 AN-269 

DAC1222 AN-269 

DAC1230 AN-284 

DAC1231 AN-271, AN-284 

DAC1232 AN-271, AN-284 

DAC1280 AN-261, AN-263 

DH0034 AN-253 

DH0035 AN-49 

INS8070 AN-260 

LF111 LB-39 

LF155 AN-263, AN-447 

LF198 AN-245, AN-294 

LF311 AN-301 

LF347 AN-256, AN-262, AN-263, AN-265, AN-266, AN-301 , AN-344, AN-447, LB-44 

LF351 AN-242, AN-263, AN-266, AN-271 , AN-275, AN-293, AN-447, Appendix C 

LF351A AN-240 

LF351B Appendix D 

LF353 AN-256, AN-258, AN-262, AN-263, AN-266, AN-271 , AN-285, AN-293, AN-447, LB-44, Appendix D 

LF356 AN-253, AN-258, AN-260, AN-263, AN-266, AN-271 , AN-272, 

AN-275, AN-293, AN-294, AN-295, AN-301 , AN-447, AN-693 

LF357 AN-263, AN-447, LB-42 

LF398 AN-247, AN-258, AN-266, AN-294, AN-298, LB-45 

LF41 1 AN-294, AN-301 , AN-344, AN-447 

LF412 AN-272, AN-299, AN-301 , AN-344, AN-447 

LF441 AN-301, AN-447 

LF13006 AN-344 

LF13007 AN-344 

LF13331 AN-294, AN-447 

LH0002 AN-13, AN-227, AN-263, AN-272, AN-301 

LH0024 AN-253 

LH0032 AN-242, AN-253 

LH0033 AN-48, AN-227, AN-253 

LH0063 AN-227 

LH0070 AN-301 

LH0071 AN-245 

LH0094 AN-301 

LH0101 AN-261 
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Device/ Application Literature Cross-Reference (Continued) V 1 

Device Number Application Literature 

LH1605 AN-343 

LH2424 AN-867 

LM10 : AN-21 1, AN-247, AN-258, AN-271, AN-288, AN-299, AN-300, AN-460, AN-693 

LM11 AN-241 , AN-242, AN-260, AN-266, AN-271 

LM1 2 AN-446, AN-693, AN-706 

LM1 01 AN-4, AN-1 3, AN-20, AN-24, LB-42, Appendix A 

LM101A AN-29, AN-30, AN-31, AN-79, AN-241 AN-711, LB-1, LB-2, LB-4, LB-8, LB-14, LB-16, LB-19, LB-28 

LM102 AN-4, AN-13, AN-30, LB-1, LB-5, LB-6, LB-1 1 

LM103 AN-110, LB-41 

LM105 - AN-23, AN-110, LB-3 

LM106 AN-41, LB-6, LB-12 

LM107 AN-20, AN-31, LB-1, LB-12, LB-19, Appendix A 

LM1 08 AN-29, AN-30, AN-31 , AN-79, AN-21 1 , AN-241 , LB-1 4, LB-1 5, LB-21 

LM108A AN-260, LB-15, LB-19 

LM109 AN-42, LB-15 

LM109A LB-15 

LM110 LB-11, LB-42 

LM111 AN-41, AN-103, LB-12, LB-16, LB-32, LB-39 

LM112 ...LB-19 

LM113. AN-56, AN-110, LB-21, LB-24, LB-28, LB-37 

LM117 AN-1 78, AN-1 81 , AN-1 82, LB-46, LB-47 

LM117HV LB-46, LB-47 

LM118 LB-17, LB-19, LB-21, LB-23, Appendix A 

LM119 LB-23 

LM120 AN-182 

LM121 AN-79, AN-104, AN-184, AN-260, LB-22 

LM121A LB-32 

LM122 AN-97, LB-38 

LM125 AN-82 

LM126 AN-82 

LM1 29 AN-1 73, AN-1 78, AN-262, AN-266 

LM131 AN-210, AN-460, Appendix D 

LM131A AN-210 

LM134 LB-41, AN-460 

LM135 AN-225, AN-262, AN-292, AN-298, AN-460 

LM137 LB-46 

LM137HV LB-46 

LM138 LB-46 

LM139 AN-74 

LM143 AN-127, AN-271 

LM148 AN-260 

LM150 ..LB-46 

LM158 AN-116 

LM160 AN-87 

LM161 AN-87, AN-266 

LM163 AN-295 

LM194 AN-222, LB-21 

LM195 .AN-110 

LM199 AN-161, AN-260 

LM199A AN-161 

LM211 LB-39 
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Device/ Application Literature Cross-Reference (Continued) 

Device Number Application Literature 

LM231 AN-210 

LM231A AN-210 

LM235 AN-225 

LM239 AN-74 

LM258 AN-116 

LM260 AN-87 

LM261 AN-87 

LM34 AN-460 

LM35 AN-460 

LM301A AN-1 78, AN-1 81 , AN-222 

LM308 AN-88, AN-184, AN-272, LB-22, LB-28, Appendix D 

LM308A AN-225, LB-24 

LM309 AN-1 78, AN-1 82 

LM31 1 AN-41, AN-103, AN-260, AN-263, AN-288, AN-294, AN-295, AN-307, LB-12, LB-16, LB-18, LB-39 

LM313 AN-263 

LM316 AN-258 

LM317 AN-178, LB-35, LB-46 

LM317H LB-47 

LM318 AN-299, LB-21 

LM319 AN-828, AN-271, AN-293 

LM320 AN-288 

LM321 LB-24 

LM324 AN-88, AN-258, AN-274, AN-284, AN-301 , LB-44, AB-25, Appendix C 

LM329 AN-256, AN-263, AN-284, AN-295, AN-301 

LM329B AN-225 

LM330 AN-301 

LM331 AN-210, AN-240, AN-265, AN-278, AN-285, AN-31 1, LB-45, Appendix C, Appendix D 

LM331 A AN-21 0, Appendix C 

LM334 AN-242, AN-256, AN-284 

LM335 AN-225, AN-263, AN-295 

LM336 AN-202, AN-247, AN-258 

LM337 LB-46 

LM338 LB-49, LB-51 

LM339 AN-74, AN-245, AN-274 

LM340 AN-1 03, AN-1 82 

LM340L AN-256 

LM342 AN-288 

LM346 AN-202, LB-54 

LM348 AN-202, LB-42 

LM349 LB-42 

LM358 AN-1 16, AN-247, AN-271 , AN-274, AN-284, AN-298, Appendix C 

LM358A Appendix D 

LM359 AN-278, AB-24 

LM360 AN-87 

LM361 AN-87, AN-294 

LM363 AN-271 

LM380 AN-69, AN-1 46 

LM385 AN-242, AN-256, AN-301 , AN-344, AN-460, AN-693, AN-777 

LM386 LB-54 

LM391 AN-272 

LM392 AN-274, AN-286 
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Device/ Application Literature Cross-Reference 


Device/ Application Literature Cross-Reference (Continued) 


Device Number Application Literature 

LM393 AN-271 , AN-274, AN-293, AN-694 

LM394 AN-262, AN-263, AN-271 , AN-293, AN-299, AN-31 1 , LB-62 

LM395 AN-1 78, AN-1 81 , AN-262, AN-263, AN-266, AN-301 , AN-460, LB-28 

LM399 AN-184 

LM555 AN-694, AB-7 

LM556 AB-7 

LM565 AN-46, AN-146 

LM566 AN-146 

LM604 AN-460 

LM628 AN-693, AN-706 

LM629 AN-693, AN-694, AN-706 

LM709 . AN-24, AN-30 

LM710 AN-41, LB-12 

LM725 LB-22 

LM741 AN-79, LB-19, LB-22 

LM833 . AN-346 

LM1036 AN-390 

LM1202 AN-867 

LM1203 AN-861 

LM1204 AN-9J34 

LM1458 AN-116 

LM1524 AN-272, AN-288, AN-292, AN-293 

LM1558 AN-116 

LM1578A AB-30 

LM1823 AN-391 

LM1830 AB-10 

LM1865 AN-390 

LM1886 AN-402 

LM1889 AN-402 

LM1894 AN-384, AN-386, AN-390 

LM241 9 AN-861 

LM2577 AN-776, AN-777 

LM2876 AN-898 

LM2889 AN-391, AN-402 

LM2907. AN-162 

LM2917 AN-162 

LM2931 AB-12 

LM2931CT .AB-11 

LM3045 AN-286 

LM3046 AN-146, AN-299 

LM3089 AN-147 

LM3524 AN-272, AN-288, AN-292, AN-293 

LM3525A AN-694 

LM3578A AB-30 

LM3875 AN-898 

LM3876 AN-898 

LM3886 AN-898 

LM3900 AN-72, AN-263, AN-274, AN-278, LB-20, AB-24 

LM3909 AN-154 

LM3914. AN-460, LB-48, AB-25 

LM3915 AN-386 

LM3999 AN-161 
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Device/Application Literature Cross-Reference (Continued) 


Device Number 


Application Literature 


LM4250 AN-88, LB-34 

LM6181 AN-81 3, AN-840 

LM7800 AN-178 

LM 12454 AN-906, AN-947, AN-949 

LM 12458 AN-906, AN-947, AN-949 

LM12H454 AN-906, AN-947, AN-949 

LM12H458 AN-906, AN-947, AN-949 

LM12L458 AN-906, AN-947, AN-949 

LM 18293 AN-706 

LM78L12 AN-146 

LM78S40 AN-711 

LMC555 AN-460, AN-828 

LMC660 AN-856 

LMC835 AN-435 

LMC6044 AN-856 

LMC6062 AN-856 

LMC6082 AN-856 

LMC6484 AN-856 

LMD18200 AN-694, AN-828 

LMF40 AN-779 

LMF60 AN-779 

LMF90 AN-779 

LMF100 AN-779 

LMF380 AN-779 

LMF390 AN-779 

LP324 AN-284 

LP395 AN-460 

LPC660 AN-856 

MF4 AN-779 

MF5 AN-779 

MF6 AN-779 

MF8 AN-779 

MF10 AN-307, AN-779 

MM2716 LB-54 

MM54104 AN-252, AN-287, LB-54 

MM57110 AN-382 

MM74C00 AN-88 

MM74C02 AN-88 

MM74C04 AN-88 

MM74C948 AN-193 

MM74HC86 AN-861 , AN-867 

MM74LS138 LB-54 

MM53200 AN-290 

2N4339 AN-32 
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National Semiconductor 

Appendix C 

Summary of Commercial Reliability Programs 


P+ Product Enhancement 

The P+ product enhancement program involves dynamic 
tests that screen out assembly related and silicon defects 
that can lead to infant mortality and/or reduce the surviva- 


bility of the device under high stress conditions. This pro- 
gram includes but is not limited to the following power 
devices: 


Device 

Package Types 

TO-3 

K STEEL 

TO-39 

(H) 

TO-220 

(T) 

DIP 

(N) 

so 

(M) 

TO-263 

(S) 

LM12 

X 







X 

X 






X 

X 

X 



X 


X 

X 






X 

X 

X 




LM1 23/323 

X 







X 


X 





X 

X 

X 




LM1 37HV/337HV 

X 

X 






X 


X 





X 


X 





X 







X 


X 




LM1 95/395 

X 

X 

X 




LM2930/2935/2984 



X 



X 

LM2937 



X 



X 




X 



X 

LM2990/2991 



X 



X 




X 

mm 

X 

X 

LM2576 



X 



X 

LM2577 



X 

mm 

X 

X 

LMD1 8200/ 18201 



X 
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National Semiconductor 


Appendix D 

Military Aerospace Programs 
from National Semiconductor 


This appendix is intended to provide a brief overview of 
military products available from National Semiconduc- 
tor. The process flows and catagories shown below are 
for general reference only. For further information and 
availability, please contact the Customer Response 
Center at 1-800-272-9959, Military/ Aerospace Marketing 
group or your local sales office. 

National Semiconductor’s Military/ Aerospace Program is 
founded on dedication to excellence. National offers com- 
plete support across the broadest range of products with 
the widest selection of qualification levels and screening 
flows. These flows include: 


Process Flows 
(Integrated Circuits) 

Description 

JANS 

QML products processed to 
MIL-l-38535 Level S or V for Space 
level applications. 

JAN B 

QML products processed to 
MIL-l-38535 Level B or Q for 

Military applications. 

SMD 

QML products processed to a 
Standard Microcircuit Drawing with 
Table 1 Electricals controlled by 
DESC. 

883 

QML products processed to 
MIL-STD-883 Level B for Military 
applications. 

MLP 

Products processed on the 
Monitored Line (Program) 
developed by the Air Force for 
Space level applications. 

-MIL 

Similar to MIL-STD-883 with 
exceptions noted on the Certificate 
of Conformance. 

MSP 

Military Screening Products for 
initial release of advanced 
products. 

MCP 

Commercial products processed in 
a military assembly. Electrical 
testing performed at 25°C, plus 
minimum and maximum operating 
temperature to commercial limits. 

MCR 

Commercial products processed in 
a military assembly. Electrical 
testing performed at 25°C to 
commercial limits 

MRP 

Military Ruggedized Plastic 
products processed to avionics 
requirements. 

MRR 

Commercial Ruggedized plastic 
product processed in a commercial 
assembly with electrical testing at 
25°C. 

MPC 

Commercial plastic products 
processed in a commercial 
assembly with electrical testing at 
25°C. 
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Appendix D— Military Aerospace Programs from National Semiconductor 


■ QML: The purpose of the QML program, which is ad- 
ministered by the Defense Electronics Supply Center 
(DESC), is to provide the military community with stan- 
dardized products that have been manufactured and 
screened to the highest quality and reliability standards 
in facilities that have been certified by the government. 
To achieve QML status, manufacturers must submit 
their facilities, quality procedures and design philoso- 
phies to a thorough audit aimed at confirming their abili- 
ty to produce product to the highest design and quality 
standards. They must be listed on DESC’s Qualified 
Manufacturer List (QML) before devices can be marked 
and shipped as QML product. 

Two processing levels are specified within MIL-l-38535, 
the QML standard: Class S (typically specified for 
space and strategic applications) and Class B (used for 
tactical missile, airborne, naval and ground systems). 
The requirements for both classes are defined within 
MIL-STD-883. National is one of the industry’s leading 
suppliers of both classes. 

■ Standard Microcircuit Drawings (SMD). SMDs are is- 
sued to provide standardized versions of devices of- 
fered under QML. MIL-STD-883 screening is coupled 
with tightly controlled electrical test specifications that 
allow a manufacturer to use his standard electrical 
tests. Table I explains the marking of JAN devices, and 
Table II outlines current marking requirements for QML/ 
SMD devices. Copies of MIL-l-38535 and the QML can 
be obtained from the Naval Publications and Forms 
Center (5801 Tabor Avenue, Philadelphia, PA 19120, 
212/697-2179. A current listing of National’s SMD of- 
ferings can be obtained from our authorized distribu- 
tors, our sales offices, our Customer Response Center 
(Arlington, Texas, 817/468-6300), or from DESC. 

■ MIL-STD-883. Originally intended to establish uniform 
test methods and procedures, MIL-STD-883 has also 
become the general specification for non-SMD military 
product. MIL-STD-883 defines the minimum require- 
ments for a device to be marked and advertised as 
883-compliant. Design and construction criteria, docu- 
mentation controls, electrical and mechanical screening 
requirements, and quality control procedures are out- 
lined in paragraph 1.1.2 of MIL-STD-883. 


National offers both 883 Class B and 883 Class S prod- 
uct. The screening requirements for both classes of prod- 
uct are outlined in Table III. 

As with SMDs a manufacturer is allowed to use his stan- 
dard electrical tests provided that all critical parameters 
are tested. Also, the electrical test parameters, test con- 
ditions, test limits and test temperatures must be clearly 
documented. At National Semiconductor, this information 
is available via our Table I (formerly RETS, Reliability 
Electrical Test Specification Program). The Table I docu- 
ment is a complete description of the electrical tests per- 
formed and is controlled by our QA department. Individual 
copies are available upon request. 

Some of National’s products are produced on a flow simi- 
lar to MIL-STD-883. These devices are screened to the 
same stringent requirements as 883 product, but are 
marked as -MIL; specific reasons for prevention of com- 
pliancy are clearly defined in the Certificate of Conform- 
ance (C of C) shipped with the product. 

■ Monitored Line Program (MLP): is a non JAN Level S 
program developed by the Air Force. Monitored Line 
product usually provides the shortest cycle time, and is 
acceptable for application in several space level pro- 
grams. Lockheed Missiles and Space Company in Sun- 
nyvale, California, under an Air Force contract, provides 
“on-site” monitoring of product processing, and as ap- 
propriate, program management. Monitored Line orders 
generally do not allow “customizing”, and most flows 
do not include quality conformance inspection. Drawing 
control is maintained by the Lockheed Company. 

■ Military Screening Program (MSP): National’s Military 
Screening Program was developed to make screened 
versions of advanced products such as gate arrays and 
microprocessors available more quickly. Through this 
program, screened product is made available for proto- 
types and breadboards prior to or during the QML activ- 
ities. MSP products receive the 100% screening of Ta- 
ble Hi, but are not subjected to Group C and D quality 
conformance testing. Other criteria such as electrical 
testing and temperature range will vary depending upon 
individual device status and capability. 
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TABLE I. JAN S or B Part Marking 

J M385 1 0 /XXXXXYYY 

Lead Finish 
A -Solder Dipped 
B = Tin Plate 
C = Gold Plate 
X = Any lead finish above 
is acceptable 

— Device Package 
(see Table II) 

Screening Level 

S or B 

| Device Number on 

Slash Sheet 

Slash Sheet Number 

For radiation hard devices 

this slash is replaced by the 
Radiation Hardness Assurance 
' Designator (M, D, R, or H of 
MIL— l— 38535) 

MIL-M-38510 

JAN Prefix 

TL/XX/0030-1 


Note t: These letters are assigned to packages by individual detail specifi- 
cations and may be assigned to different packages in different specifica- 
tions. 


TABLE l-A. JAN Package Codes 


JAN 

Package 

Designation 

Microcircuit Industry Description 

A 

14-pin %" X %" (Metal) Flatpak 

B 

14-pin 3 / 16 " x y 4 " (Metal) Flatpak 

C 

14-pin %" x %" Dual-ln-Line 

D 

14-pin y 4 " x%" (Ceramic) Flatpak 

E 

16-pin y 4 " x 7 / 8 " Dual-ln-Line 

F 

16-pin %" x %" (Metal or Ceramic) Flatpak 

G 

8-pin TO-99 Can or Header 

H 

10-pin y 4 " x %" (Metal) Flatpak 

1 

1 0-pin TO-1 00 Can or Header 

J 

24-pin y 2 " x 1 y 4 " Dual-ln-Line 

K 

24-pin %" x s / 8 " Flatpak 

L 

24-pin %" x 1%" Dual-ln-Line 

M 

1 2-pin TO-1 01 Can or Header 

N 

(Note 1) 

P 

8-pin %" x 3 / 8 " Dual-ln-Line 

Q 

40-pin 3 / 16 " x 2y 16 " Dual-ln-Line 

R 

20-pin %" xiy 16 " Dual-ln-Line 

S 

20-pin %" x y 2 " Flatpak 

T 

(Note 1) 

U 

(Note 1) 

V 

1 8-pin %" x 1s / 16 " Dual-ln-Line 

w 

22-pin %" x 1 %" Dual-ln-Line 

X 

(Note 1) 

Y 

(Note 1) 

z 

(Note 1) 

2 

20-terminal 0.350" x 0.350" Chip Carrier 

3 

28-terminal 0.450" x 0.450" Chip Carrier 
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TABLE II. Standard Military Drawing 
(SMD) Marking 


5962-93 1 9502MXA 


t Lead Finish 
(Solder) 

Package Codes 
(see Table IIA) 

Class Designator 

M = MIL-STD-883 
B or Q = Class B 
S or V = Class C 

Device Number 

Drawing Number — 

Year of Issue 

The "/" and can 

be replaced by RHA 
designations 
D = 10 krad 
R = 100 krad 

Federal Stock Class 

TL/XX/0030-2 


TABLE III. 100% Screening Requirements 



Screen 

Class S 

Class B 


Method 

Reqmt 

Method 

Reqmt 

1. 

Wafer Lot Acceptance 

5007 

All Lots 



2. 

Nondestructive Bond Pull (Note 1 4) 

2023 

100% 



3. 

Internal Visual (Note 1 ) 

2020, Condition A 

100% 

2010, Condition B 

100% 

4. 

Stabilization Bake (Note 16) 

1008, Condition C, Min 

24 Hrs. Min 

100% 

1008, Condition C, Min 
24 Hrs. Min 

100% 

5. 

Temperature Cycling (Note 2) 

1010, Condition C 

100% 

1010, Condition C 

100% 

6. 

Constant Acceleration 

2001 , Condition E Min 

Y-j Orientation Only 

100% 

2001, Condition E Min 

Y-| Orientation Only 

100% 

7. 

Visual Inspection (Note 3) 


100% 


100% 

8. 

Particle Impact Noise Detection (PIND) 

2010, Condition A (Note 4) 

100% 



9. 

Serialization 

(Note 5) 

100% 



10. 

Interim (Pre-Burn-In) Electrical Parameters 

Per Applicable Device 
Specification (Note 1 3) 

100% 

Per Applicable Device 
Specification (Note 6) 


11. 

Burn-In Test 

1015 

240 Hrs. @ 125°C Min 
(Cond. F Not Allowed) 

100% 

1015 

160 Hrs. @125°C Min 

100% 

12. 

Interim (Post Burn-In) 

Electrical Parameters 

Per Applicable Device 
Specification (Note 3) 

100% 




TABLE ll-A. SMD Package Codes 


SMD 

Package 

Designation 

Microcircuit Industry Description 

C 

1 4-pin Flatpak 

D 

14-pin C DIP 

E 

16-pin C DIP 

F 

16-pin Flatpak 

G 

8-pin TO-99 Can 

H 

10-pin (Metal) Flatpak 

1 

10-pin TO-100 Can 

X 

(Note 2) 

Y 

(Note 2) 

P 

8-pin C DIP 

2 

20-pin LCC 

R 

20-Pin DIP 


Note 2: These letters are assigned to packages by individual detail specifi- 
cations and may be assigned to different packages in different specifica- 
tions. 
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TABLE III. 100% Screening Requirements (Continued) 



Screen 

Class S 

Class B 


Method 

Reqmt 

Method 

Reqmt 

13. 

Reverse Bias Burn-In (Note 7) 

1 01 5; Test Condition A, C, 
72 Hrs. @ 150°C Min 
(Cond. F Not Allowed) 

100% 



14. 

Interim (Post-Burn-In) Electrical 

Parameters 

Per Applicable Device 
Specification (Note 13) 

100% 

Per Applicable Device 
Specification 

100% 

15. 

PDA Calculation 

5% Parametric (Note 14), 
3% Functional 

All Lots 

5% Parametric (Note 14) 

All Lots 

16. 

Final Electrical Test (Note 15) 

a) Static Tests 

1) 25°C (Subgroup 1, Table 1, 5005) 

2) Max & Min Rated Operating Temp. 
(Subgroups 2, 3, Table 1, 5005) 

b) Dynamic Tests or Functional Tests 

1 ) 25°C (Subgroup 4 or 7) 

2) Max and Min Rated Operating Temp. 
(Subgroups 5 and 6 or 8, Table 1, 

5005) 

c) Switching Tests 25°C 

(Subgroup 9, Table 1, 5005) 

Per Applicable Device 
Specification 

100% 

100% 

100% 

100% 

100% 

Per Applicable Device 
Specification 

100% 

100% 

100% 

100% 

100% 

17. 

Seal Fine, Gross 

1014 

100% 
(Note 8) 

1014 

100% 
(Note 9) 

18. 

Radiographic (Note 1 0) 

2012 Two Views 

100% 



19. 

Qualification or Quality Conformance 
Inspection Test Sample Selection 

(Note 11) 

Samp. 

(Note 11) 

Samp. 

20. 

External Visual (Note 12) 

2009 

100% 


100% 


Note 1: Unless otherwise specified, at the manufacturer’s option, test samples for Group B, bond strength (Method 5005) may be randomly selected prior to or 
following internal visual (Method 5004), prior to sealing provided all other specification requirements are satisfied (e.g., bond strength requirements shall apply to 
each inspection lot, bond failures shall be counted even if the bond would have failed internal visual). 

Note 2: For Class B devices, this test may be replaced vyith thermal shock Method 1011, Test Condition A, minimum. 

Note 3: At the manufacturer’s option, visual inspection for catastrophic failures may be conducted after each of the thermal/mechanical screens, after the 
sequence or after seal test. Catastrophic failures are defined as missing leads, broken packages, or lids off. 

Note 4: The PIND test may be performed in any sequence after step 6 and prior to step 16. See MIL-l-38585 paragraph 40.6.3. 

Note 5: Class S devices shall be serialized prior to interim electrical parameter measurements. 

Note 6: When specified, all devices shall be tested for those parameters requiring delta calculations. 

Note 7: Reverse bias burn-in is a requirement only when specified in the applicable device specification. The order of performing burn-in and reverse bias burn-in 
may be inverted. 

Note 8: For Class S devices, the seal test may be performed in any sequence between step 16 and step 19, but it shall be performed after all shearing and forming 
operations on the terminals. 

Note 9: For Class B devices, the fine and gross seal tests shall be performed separately or together in any sequence and order between step 6 and step 20 except 
that they shall be performed after all shearing and forming operations on the terminals. When 100% seal screen cannot be performed after shearing and forming 
(e.g., flatpaks and chip carriers) the seal screen shall be done 100% prior to these operations and a sample test (LTPD = 5) shall be performed on each inspection 
lot following these operations. If the sample fails, 100% rescreening shall be required. 

Note 10: The radiographic screen may be performed in any sequence after step 9. 

Note 11: Samples shall be selected for testing in accordance with the specific device class and lot requirements of Method 5005. 

Note 12: External Visual shall be performed on the lot any time after step 19 and prior to shipment. 

Note 13: Read and record is required, at steps 1 0 and 1 2 only for those parameters for which post-burn-in delta measurements are specified. All parameters shall 
be read and recorded at step 14. 

Note 14: The PDA shall apply to all subgroup 1 parameters at 25°C and all delta parameters. 

Note 15: Only one view is required for flat packages and leadless chip carriers with leads on all four sides. 

Note 16: May be performed at any time prior to step 1 0. 
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Military Analog Products Available from National Semiconductor 


Package 


Process 

SMD/JAN 

Device 

Styles 
(Note 1) 

Description 

Flows 
(Note 2) 

(Note 3) 

HIGH PERFORMANCE AMPLIFIERS AND BUFFERS 

LF147 

D, J 

Wide BW Quad JFET Op Amp 

SMD/JAN 

/I 1906 

LF155A 

H 

JFET Input Op Amp 

883 

— 

LF156 

H 

JFET Input Op Amp 

883 

— 

LF156A 

H 

JFET Input Op Amp 

883 

— 

LF157 

H 

JFET Input Op Amp 

883 

— 

LF157A 

H 

JFET Input Op Amp 

883 

— 

LF411M 

H 

Low Offset, Low Drift JFET Input 

883/JAN 

/I 1904 

LF412M 

H, J 

Low Offset, Low Drift JFET Input-Dual 

883/JAN 

/I 1905 

LF441M 

H 

Low Power JFET Input 

883 

— 

LF442M 

H 

Low Power JFET Input-Dual 

883 

— 

LF444M 

D 

Low Power JFET Input-Quad 

883 

— 

LH0002 

H 

Buffer Amp 

“-MIL” 

— 

LH0021 

K 

1 .0 Amp Power Op Amp 

“-MIL” 

— 

LH0024 

H 

High Slew Rate Op Amp 

“-MIL” 

— 

LH0032 

G 

Ultra Fast FET-Input Op Amp 

“-MIL” 

— 

LH0041 

G 

0.2 Amp Power Op Amp 

“-MIL” 

— 

LH0101 

K 

Power Op Amp 

“-MIL” 

— 

LM10 

H 

Super-Block^ Micropower Op Amp/ Ref 

883/SMD 

5962-87604 

LM101A 

J, H, W 

General Purpose Op Amp 

883/JAN 

/1 01 03 

LM108A 

J, H, W 

Precision Op Amp 

883/JAN 

/1 01 04 

LM118 

J, H 

Fast Op Amp 

883/JAN 

/1 01 07 

LM124 

J, E, W 

Low Power Quad Op Amp 

883/JAN 

/I 1005 

LM124A 

J, E, W 

Low Power Quad 

883/JAN 

/I 1006 

LM146 

J 

Quad Programmable Op Amp 

883 

— 

LM148 

J, E 

Quad 741 Op amp 

883/JAN 

/I 1001 

LM158A 

J, H 

Low Power Dual Op Amp 

883/SMD 

5962-8771002 

LM158 

J, H 

Low Power Dual Op Amp 

883/SMD 

5962-8771001 

LM611AM 

J 

Super-Block Op Amp/Reference 

883/SMD 

— 

LM613AM 

J, E 

Super-Block Dual Op Amp/Dual Comp/Ref 

883/SMD 

— 

LM614AM 

J 

Super-Block Quad Op Amp/Ref 

883/SMD 

— 

LM709A 

H, J, W 

General Purpose Op Amp 

883/SMD 

7800701 

LM741 

J, H, W 

General Purpose Op Amp 

883/JAN 

/10101 

LM747 

J, H 

General Purpose Dual Op Amp 

883/JAN 

/10102 

LM6118 

J, E 

VIP Dual Op Amp 

883/SMD 

5962-91565 

LM6121 

H, J 

VIP Buffer 

883/SMD 

5962-90812 

LM6125 

H 

VIP Buffer with Error Flag 

883/SMD 

5962-90815 

LM6161 

J, E, W 

VIP Op Amp (Unity Gain) 

883/SMD 

5962-89621 

LM6162 

J, E, W 

VIP Op Amp (Ay > 2,-1) 

883/SMD 

5962-92165 

LM6164 

J, E, W 

VIP Op Amp (Ay > 5) 

883/SMD 

5962-89624 

LM6165 

J, E,W 

VIP Op Amp (A v > 25) '3 

883/SMD 

5962-89625 

LM6181AM 

J 

VIP Current Feedback Op Amp 

883/SMD 

5962-9081802 

LM6182AM 

J 

VIP Current Feedback Dual Op Amp 

883/SMD 

5962-9460301 

LMC660AM 

J 

Low Power CMOS Quad Op Amp 

883/SMD 

5962-9209301 

LMC662AM 

J 

Low Power CMOS Dual Op Amp 

883/SMD 

5962-9209401 

LPC660AM 

J 

Micropower CMOS Quad Op Amp 

883/SMD 

5962-9209302 

LPC662AM 

J 

Micropower CMOS Dual Op Amp 

883/SMD 

5962-9209402 

LMC6482AM 

J 

Rail to Rail CMOS Dual Op Amp 

883/SMD 

5962-9453401 

LMC6484AM 

J 

Rail to Rail CMOS Quad Op Amp 

883/SMD 

5962-9453402 

OP07 

H 

Precision Op Amp 

883 

— 
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Military Analog Products Available from National Semiconductor (Continued) 

Device 

Package 
Styles 
(Note 1) 

Description 

Process 
Flows 
(Note 2) 

SMD/JAN 
(Note 3) 

| COMPARATORS | 

LF111 

H 

Voltage Comparator 

“-MIL” 

— 

LH2111 

J,W 

Dual Voltage Comparator 

883/JAN 

/I 0305 

LM106 

H, W 

Voltage Comparator 

883/SMD 

8003701 

LM111 

J, H, E, W 

Voltage Comparator 

883/JAN 

/I 0304 

LM119 

J, H, E, W 

High Speed Dual Comparator 

883/JAN 

/I 0306 

LM139 

J, E,W 

Quad Comparator 

883/JAN 

/1 1201 

LM139A 

J, E,W 

Precision Quad Comparator 

883/SMD 

5962-87739 

LM160 

J,H 

High Speed Differential Comparator 

883/SMD 

8767401 

LM161 

J, H,W 

High Speed Differential Comparator 

883/SMD 

5962-87572 

LM193 

J,H 

Dual Comparator 

883 

— 

LM193A 

J, H 

Dual Comparator 

883/JAN 

/I 1202 

LM612AM 

j 

Dual-Channel Comparator/ Reference 

883/SMD 

5962-93002 

LM613AM 

J E 

Super-Block Dual Comparator/ 

Dual Op Amp/Adj Reference 

883/SMD 

5962-93003 

LM615AM 

J 

Quad Comparator/ Adjustable Reference 

883 

— 

LM710A* 

J, H, W 

Voltage Comparator 

883/JAN 

/I 0301 

LM711A* 

J, H,W 

Dual LM710 

883/JAN 

/I 0302 

LM760 

J, H 

High Speed Differential Comparator 

883/SMD 

5962-87545 

•Formerly manufactured by Fairchild Semiconductor as part numbers /xA710 and yu.A71 1 . 



LINEAR REGULATORS 




Positive Voltage Regulators 




LM105 

H 

Adjustable Voltage Regulator 

883/SMD 

5962-89588 

LM109 

H 

5V Regulator, l 0 = 20 mA 

883/JAN 

/10701BXA 

LM109 

K 

5V Regulator, l 0 = 1A 

883/JAN 

/10701BYA 

LM117 

H, E, K 

Adjustable Regulator 

883/JAN 

/1 1703, >11704 

LM117HV 

H 

Adjustable Regulator, l 0 = 0.5A 

883/SMD 

7703402XA 

LM117HV 

K 

Adjustable Regulator, l 0 = 1 .5A 

883/SMD 

7703402YA 

LM123 

K 

3A Voltage Regulator 

883 

— 

LM138 

K 

5A Adjustable Regulator 

“-MIL” 

— 

LM1 40-5.0 

H 

0.5A Fixed 5V Regulator 

883/JAN 

/I 0702 

LM1 40-6.0 

H 

0.5A Fixed 6V Regulator 

883 

— 

LM 140-8.0 

H 

0.5A Fixed 8V Regulator 

883 

— 

LM 140-1 2 

H 

0.5A Fixed 1 2V Regulator 

883/JAN 

/I 0703 

LM140-15 

H 

0.5A Fixed 15V Regulator 

883/JAN 

/I 0704 

LM1 40-24 

H 

0.5A Fixed 24V Regulator 

883 

— 

LM140A-5.0 

K 

1 .0A Fixed 5V Regulator 

883 

— 

LM140A-12 

K 

1 .0A Fixed 1 2V Regulator 

883 

— 

LM140A-15 

K 

1 .0A Fixed 1 5V Regulator 

883 

— 

LM140K-5.0 

K 

1 .0A Fixed 5V Regulator 

883/JAN 

/I 0706 

LM140K-12 

K 

1.0A Fixed 12V Regulator 

883/JAN 

/I 0707 

LM140K-15 

K 

1.0A Fixed 15V Regulator 

883/JAN 

/I 0708 

LM140LAH-5.0 

H 

100 mA Fixed 5 V Regulator 

883 

— 

LM140LAH-12 

H 

100 mA Fixed 12V Regulator 

883 

— 

LM140LAH-15 

H 

1 00 mA Fixed 1 5V Regulator 

883 

— 

LM150 

K 

3A Adjustable Power Regulator 

883 

— 

LM2940-5.0 

K 

5V Low Dropout Regulator 

883/SMD 

5962-89587 

LM2940-8.0 

K 

8V Low Dropout Regulator 

883/SMD 

5962-90883 

LM2940-12 

K 

12V Low Dropout Regulator 

883/SMD 

5962-90884 

LM2940-15 

K 

1 5V Low Dropout Regulator 

883/SMD 

5962-90885 

LM2941 

K 

Adjustable Low Dropout Regulator 

883/SMD 

TBD 

LM431 

H, K 

Adjustable Shunt Regulator 

883 

— 

LM723 

H, J, E 

Precision Adjustable Regulator 

883/JAN 

/I 0201 

LP2951 

H, E, J 

Adjustable Micropower LDO 

883/SMD 

5962-38705 

LP2953AM 

J 

250 mA Adj. Micropower LDO 

883/SMD 

5962-9233601 
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Military Analog Products Available from National Semiconductor (Continued) 

Device 

Package 
Styles 
(Note 1) 

Description 

Process i 

Flows 
(Note 2) 

SMD/JAN 
(Note 3) 

LINEAR REGULATORS (Continued) 

Negative Voltage Reg 

ulators 




LM1 20-5.0 

H 

Fixed 0.5A Regulator, Vqut = — 5V 

883/JAN 

/I 1501 

LM1 20-8.0 

H 

Fixed 0.5A Regulator, Vqut = -8V 

883 

— 

LM120-12 

H 

Fixed 0.5A Regulator, Vout = - 12 V 

883/JAN 

/I 1502 

LM120-15 

H 

Fixed 0.5A Regulator, Vqut *= - 1 5V 

883/JAN 

/I 1503 

LM1 20-5.0 

K 

Fixed 1 .0A Regulator, Vqut = - 5V 

883/JAN 

/I 1505 

LM120-12 

K 

Fixed 1 .0A Regulator, Vqut = — 1 2V 

883/ JAN 

/I 1506 

LM 120-1 5 

K 

Fixed 1 .0A Regulator, Vout = -15V 

883/JAN 

/1 1507 

LM137A 

H 

Precision Adjustable Regulator 

883/SMD 

7703406XA 

LM137A 

K 

Precision Adjustable Regulator 

883/SMD 

7703406 YA 

LM137 

H,K 

Adjustable Regulator 

883/JAN 

/1 1803, /1 1804 

LM137HV 

H 

Adjustable (High Voltage) Regulator 

883/SMD 

7703404XA 

LM137HV 

K 

Adjustable (High Voltage) Regulator 

883/SMD 

7703404 YA 

LM1 45-5.0 

K 

Negative 3 Amp Regulator 

883/SMD 

5962-90645 

LM1 45-5.2 

K 

Negative 3 Amp Regulator 

883 

— 

SWITCHING REGULATORS 

LM1 575-5 

J,K 

Simple SwitcherTM Step-Down, Vout = 5V 

883/SMD 

5962-9167201 

LM1575-12 

J, K 

Simple Switcher Step-Down, Vout = “12V 

883/SMD 

5962-9167301 

LM1575-15 

J, K 

Simple Switcher Step-Down, Vout = 1 5V 

883/SMD 

5962-9167401 

LM1575-ADJ 

J, K 

Simple Switcher Step-Down, Adj Vout 

883/SMD 

5962-9167101 

LM1575HV-5 

K 

Simple Switcher Step-Down, Vqut = 5V 

883 

— 

LM1575HV-12 

K 

Simple Switcher Step-Down, Vqut - 12V 

883 

— 

LM1575HV-15 

K 

Simple Switcher Step-Down, Vqut = , 1 5V 

883 

— 

LM1575HV-ADJ 

K 

Simple Switcher Step-Down, Adj Vout 

883 

— 

LM1577-12 

K 

Simple Switcher Step-Up, Vout = 12V 

883/SMD 

5962-9216701 

LM1577-15 

K 

Simple Switcher Step-Up, Vout = 1 5V 

883/SMD 

5962-9216801 

LM1577-ADJ 

K 

Simple Switcher Step-Up, Adj Vqut 

883/SMD 

5962-9216601 

LM1578 

H 

750 mA Switching Regulator 

883/SMD 

5962-89586 

LM78S40* 

J 

Universal Switching Regulator Subsystem 

883/SMD 

5962-88761 

* Formerly manufactured by Fairchild Semiconductor as the juA78S40DMQB. 



VOLTAGE REFERENCES 




LM1 03-3.0 

H 

Reference Diode, BV = 3.0V 

883/SMD 

7702806 

LM1 03-3.3 

H 

Reference Diode, BV = 3.3V 

883/SMD 

7702807 

LM1 03-3.6 

H 

Reference Diode, BV = 3.6V 

883/SMD 

7702808 

LM 103-3.0 

H 

Reference Diode, BV = 3.9V 

883/SMD 

7702809 

LM113 

H 

Reference Diode wjth 5% Tolerance 

883/SMD 

5962-8671101 

LM113-1 

H 

Reference Diode with 1 % Tolerance 

883/SMD 

5962-8671102 

LM 113-2 

H 

Reference Diode with 2% Tolerance 

883/SMD 

5962-8671103 

LM129A 

H 

Precision Reference, 1 0 ppm/°C Drift 

883/SMD 

5962-89921 01 XA 

LM129B 

H 

Precision Reference, 20 ppm/°C Drift 

883/SMD 

5962-89921 02XA 

LM136A-2.5 

H 

2.5 V Reference Diode, 1 % Vqut Tolerance 

883 

— ' 

LM136A-5.0 

H 

5V Reference Diode, 1 % Vqut Tolerance 

883/SMD 

8418001 

LM 136-2.5 

H 

2.5V Reference Diode, 2% Vqut Tolerance 

883 

— 

LM1 36-5.0 

H 

5V Reference Diode, 2% Vqut Tolerance 

883 

— 
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Military Analog Products Available from National Semiconductor (Continued) 

Device 

Package 
Styles 
(Note 1) 

Description 

Process 

Flows 
(Note 2) 

SMD/JAN 
(Note 3) 

VOLTAGE REFERENCES (Continued) 

LM169 

H 

10V Precision Reference, LowTempco 0.05% Tolerance 

883 

— 

LM185B 

HE 

Adjustable Micropower Voltage Reference 

883/SMD 

5962-9041401 

LM185BX2.5 

H 

2.5V Micropower Reference Diode, Ultralow Drift 

883/SMD 

5962-8759404 

LM185BY 

H 

Adjustable Micropower Voltage Reference 

883 

— 

LM185BY1.2 

H 

1 .2V Micropower Reference Diode, Low Drift 

883/SMD 

5962-8759405 

LM185BY2.5 

H 

2.5V Micropower Reference Diode, Low Drift 

883/SMD 

5962-8759406 

LM 185-1. 2 

H, E 

1.2V Micropower Reference Diode, Low Drift 

883/SMD 

5962-8759401 

LM1 85-2.5 

H, E 

2.5 V Micropower Reference Diode, Low Drift 

883/SMD 

5962-8759402 

LM199 

H 

Precision Reference, LowTempco 

883/SMD 

5962-8856102 

LM199A 

H 

Precision Reference, Ultralow Tempco 

883/SMD 

5962-8856101 

LM199A-20 

H 

Precision Reference, Ultralow Tempco 

883 

— 

LM611AM 

J 

Super-Block Op Amp/Reference 

883 

— 

LM612AM 

J 

Super-Block Dual-Channel Comparator/ Reference 

883/SMD 

5962-9300201 

LM613AM 

J, E 

Super-Block Dual Op Amp/DualComp/Dual Ref 

883/SMD 

5962-9300301 

LM614AM 

J 

Super-Block Quad Op Amp/Reference 

883/SMD 

5962-9300401 

LM615AM 

J 

Super-Block Quad Comparator/ Reference 

883/SMD 

TBD 

LH0070-0 

H 

Precision BCD Buffered Reference 

“-MIL” 

— 

LH0070-1 

H 

Precision BCD Buffered Reference 

“-MIL” 

— 

LH0070-2 

H 

Precision BCD Buffered Reference 

“-MIL” 

— 

DATA ACQUISITION 

ADC08020L 

J 

8-Bit /xP-Compatible 

883/SMD 

5962-90966 

ADC0851 

J 

8-Bit Analog Data Acquisition 
& Monitoring System 

883/SMD 

TBD 

ADC0858 

J 

8-Bit Analog Data Acquisition 
& Monitoring System 

883/SMD 

TBD 

ADC08061CM 

J 

8-Bit Multistep ADC 

883/SMD 

TBD 

ADC10061CM 

J 

10-Bit Multistep ADC 

883/SMD 

TBD 

ADC10062CM 

J 

10-Bit Multistep ADC w/Dual 

Input Mutiplexer 

883/SMD 

TBD 

ADC1 0064CM 

J 

10-Bit Multistep ADC w/Quad 

Input Multiplexer 

883/SMD 

TBD 

ADC1241CM 

J 

12-Bit Plus Sign Self-Calibrating 
with Sample/ Hold Function 

883/SMD 

5962-9157801 

ADC12441CM 

J 

Dynamically-Tested ADC1241 

883/SMD 

5962-9157802 

ADC1251CM 

J 

12-Bit Plus Sign Self-Calibrating 
with Sample/Hold Function 

883/SMD 

5962-9157801 

ADC12451CM 

J 

Dynamically-Tested ADC1251 

883/SMD 

TBD 

DAC0854CM 

J 

Quad 8-Bit D/A Converter 

with Read Back 

883/SMD 

TBD 

DAC1054CM 

J 

Quad 10-Bit D/A Converter 
with Read Back 

883/SMD 

TBD 

LM12458M 

EL, W 

12-Bit Data Acquisition System 

883/SMD 

5962-9319501 

LM12H458M 

EL, W 

12-Bit Data Acquisition System 

883/SMD 

5962-9319502 
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Military Analog Products Available from National Semiconductor (Continued) 


Device 

Package 
Styles 
(Note 1) 

Description 

Process 
Flows 
(Note 2) 

SMD/JAN 
(Note 3) 

DATA ACQUISITION SUPPORT 


Switched Capacitor Filtt 

LMF60CMJ50 

;rs 

J 

6th Order Butterworth Lowpass 

883/SMD 

5962-90967 

LMF60CMJ100 

J 

6th Order Butterworth Lowpass 

883/SMD 

5962-90967 

LMF90CM 

J 

4th Order Elliptic Notch 

883/SMD 

5962-90968 

LMF100A 

J, E 

Dual 2nd Order General Purpose 

883/SMD 

5962-9153301 



Note 1: D: Side-Brazed DIP Note 2: Process Flows 

E: Leadless Ceramic Chip Carrier JAN = JM38510, Level B 

G: Metal Can (TO-8) SMD = Standard Military Drawing 

H: Metal Can (TO-39, TO-5, TO-99, TO-IOO) 883 - MIL-STD-883 Rev C 

J: Ceramic DIP -MIL = Exceptions to 883C noted on 

K: Metal Can (TO-3) Certificate of Conformance 

W: Flatpak 

Note 3: Please call your local sales office to determine price and availability of space-level products. All “LM” prefix products in this guide are availble with space- 
level processing. 
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National Semiconductor 


Appendix E 

Understanding Integrated Circuit 
Package Power Capabilities 


INTRODUCTION 

The short and long term reliability of National Semiconduc- 
tor’s interface circuits, like any integrated circuit, is very de- 
pendent on its environmental condition. Beyond the me- 
chanical/environmental factors, nothing has a greater influ- 
ence on this reliability than the electrical and thermal stress 
seen by the integrated circuit. Both of these stress issues 
are specifically addressed on every interface circuit data 
sheet, under the headings of Absolute Maximum Ratings 
and Recommended Operating Conditions. 

However, through application calls, it has become clear that 
electrical stress conditions are generally more understood 
than the thermal stress conditions. Understanding the im- 
portance of electrical stress should never be reduced, but 
clearly, a higher focus and understanding must be placed on 
thermal stress. Thermal stress and its application to inter- 
face circuits from National Semiconductor is the subject of 
this application note. 

FACTORS AFFECTING DEVICE RELIABILITY 

Figure 1 shows the well known “bathtub” curve plotting fail- 
ure rate versus time. Similar to all system hardware (me- 
chanical or electrical) the reliability of interface integrated 
circuits conform to this curve. The key issues associated 
with this curve are infant mortality, failure rate, and useful 
life. 



EARLY LIFE USEFUL LIFE WEAROUT TIME 

TL/H/9312-1 

FIGURE 1. Failure Rate vs Time 

Infant mortality, the high failure rate from time to to tl (early 
life), is greatly influenced by system stress conditions other 
than temperature, and can vary widely from one application 
to another. The main stress factors that contribute to infant 
mortality are electrical transients and noise, mechanical 
maltreatment and excessive temperatures. Most of these 
failures are discovered in device test, burn-in, card assem- 
bly and handling, and initial system test and operation. Al- 
though important, much literature is available on the subject 
of infant mortality in integrated circuits and is beyond the 
scope of this application note. 


Failure rate is the number of devices that will be expected to 
fail in a given period of time (such as, per million hours). The 
mean time between failure (MTBF) is the average time (in 
hours) that will be expected to elapse after a unit has failed 
before the next unit failure will occur. These two primary 
“units of measure” for device reliability are inversely relat- 
ed: 


Failure Rate 

Although the “bathtub” curve plots the overall failure rate 
versus time, the useful failure rate can be defined as the 
percentage of devices that fail per-unit-time during the flat 
portion of the curve. This area, called the useful life, extends 
between tl and t2 or from the end of infant mortality to the 
onset of wearout. The useful life may be as short as several 
years but usually extends for decades if adequate design 
margins are used in the development of a system. 

Many factors influence useful life including: pressure, me- 
chanical stress, thermal cycling, and electrical stress. How- 
ever, die temperature during the device’s useful life plays an 
equally important role in triggering the onset of wearout. 


FAILURE RATES vs TIME AND TEMPERATURE 

The relationship between integrated circuit failure rates and 
time and temperature is a well established fact. The occur- 
rence of these failures is a function which can be represent- 
ed by the Arrhenius Model. Well validated and predominant- 
ly used for accelerated life testing of integrated circuits, the 
Arrhenius Model assumes the degradation of a performance 
parameter is linear with time and that MTBF is a function of 
temperature stress. The temperature dependence is an ex- 
ponential function that defines the probability of occurrence. 
This results in a formula for expressing the lifetime or MTBF 
at a given temperature stress in relation to another MTBF at 
a different temperature. The ratio of these two MTBFs is 
called the acceleration factor F and is defined by the follow- 
ing equation: 



Where: XI = Failure rate at junction temperature Tl 
X2 = Failure rate at junction temperature T2 
T = Junction temperature in degrees Kelvin 
E = Thermal activation energy in electron volts 
(ev) 

K = Boltzman’s constant 
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However, the dramatic acceleration effect of junction tem- 
perature (chip temperature) on failure rate is illustrated in a 
plot of the above equation for three different activation en- 
ergies in Figure 2. This graph clearly demonstrates the im- 
portance of the relationship of junction temperature to de- 
vice failure rate. For example, using the 0.99 ev line, a 30° 
rise in junction temperature, say from 130°C to 160°C, re- 
sults in a 1 0 to 1 increase in failure rate. 



30 60 90 120 150 180 210 

JUNCTION TEMPERATURE (°C) 

TL/H/9312-2 

FIGURE 2. Failure Rate as a Function 
of Junction Temperature 

DEVICE THERMAL CAPABILITIES 

There are many factors which affect the thermal capability 
of an integrated circuit. To understand these we need to 
understand the predominant paths for heat to transfer out of 
the integrated circuit package. This is illustrated by Figures 
3 and 4. 

Figure 3 shows a cross-sectional view of an assembled inte- 
grated circuit mounted into a printed circuit board. 

Figure 4 is a flow chart showing how the heat generated at 
the power source, the junctions of the integrated circuit 


flows from the chip to the ultimate heat sink, the ambient 
environment. There are two predominant paths. The first is 
from the die to the die attach pad to the surrounding pack- 
age material to the package lead frame to the printed circuit 
board and then to the ambient. The second path is from the 
package directly to the ambient air. 

Improving the thermal characteristics of any stage in the 
flow chart of Figure 4 will result in an improvement in device 
thermal characteristics. However, grouping all these charac- 
teristics into one equation determining the overall thermal 
capability of an integrated circuit/ package/environmental 
condition is possible. The equation that expresses this rela- 
tionship is: 

Tj = T a + P D (0 JA ) 

Where: Tj = Die junction temperature 

T a = Ambient temperature in the vicinity device 
Pd = Total power dissipation (in watts) 

0ja = Thermal resistance junction-to-ambient 
0ja, the thermal resistance from device junction-to-ambient 
temperature, is measured and specified by the manufactur- 
ers of integrated circuits. National Semiconductor utilizes 
special vehicles and methods to measure and monitor this 
parameter. All circuit data sheets specify the thermal char- 
acteristics and capabilities of the packages available for a 
given device under specific conditions — these package 
power ratings directly relate to thermal resistance junction- 
to-ambient or 0 ja- 

Although National provides these thermal ratings, it is crit- 
ical that the end user understand how to use these numbers 
to improve thermal characteristics in the development of his 
system using 1C components. 



FIGURE 3. Integrated Circuit Soldered into a Printed Circuit Board (Cross-Sectional View) 



TL/H/9312-4 

FIGURE 4. Thermal Flow (Predominant Paths) 
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DETERMINING DEVICE OPERATING 
JUNCTION TEMPERATURE 

From the above equation the method of determining actual 
worst-case device operating junction temperature becomes 
straightforward. Given a package thermal characteristic, 
0ja, worst-case ambient operating temperature, TA(max), 
the only unknown parameter is device power dissipation, 
Pp. In calculating this parameter, the dissipation of the inte- 
grated circuit due to its own supply has to be considered, 
the dissipation within the package due to the external load 
must also be added. The power associated with the load in 
a dynamic (switching) situation must also be considered. 
For example, the power associated with an inductor or a 
capacitor in a static versus dynamic (say, 1 MHz) condition 
is significantly different. 

The junction temperature of a device with a total package 
power of 600 mW at 70°C in a package with a thermal re- 
sistance of 63°C/W is 1 08°C. 

Tj = 70°C + (63°C/W) X (0.6W) = 108°C 
The next obvious question is, “how safe is 108°C?” 
MAXIMUM ALLOWABLE JUNCTION TEMPERATURES 
What is an acceptable maximum operating junction temper- 
ature is in itself somewhat of a difficult question to answer. 
Many companies have established their own standards 
based on corporate policy. However, the semiconductor in- 
dustry has developed some defacto standards based on the 
device package type. These have been well accepted as 
numbers that relate to reasonable (acceptable) device life- 
times, thus failure rates. 

National Semiconductor has adopted these industry-wide 
standards. For devices fabricated in a molded package, the 
maximum allowable junction temperature is 150°C. For 
these devices assembled in ceramic or cavity DIP pack- 
ages, the maximum allowable junction temperature is 
175°C. The numbers are different because of the differenc- 
es in package types. The thermal strain associated with the 
die package interface in a cavity package is much less than 
that exhibited in a molded package where the integrated 
circuit chip is in direct contact with the package material. 
Let us use this new information and our thermal equation to 
construct a graph which displays the safe thermal (power) 
operating area for a given package type. Figure 5 is an ex- 
ample of such a graph. The end points of this graph are 
easily determined. For a 16-pin molded package, the maxi- 
mum allowable temperature is 1 50°C; at this point no power 
dissipation is allowable. The power capability at 25°C is 
1.98W as given by the following calculation: 


P D @ 25°C = 


Tj(max)— T a 

0JA 


150°C — 25°C 
63°C/W 


1.98W 


The slope of the straight line between these two points is 
minus the inversion of the thermal resistance. This is re- 
ferred to as the derating factor. 

Derating Factor = - — ^ — 

0JA 

As mentioned, Figure 5 is a plot of the safe thermal operat- 
ing area for a device in a 16-pin molded DIP. As long as the 
intersection of a vertical line defining the maximum ambient 
temperature (70°C in our previous example) and maximum 
device package power (600 mW) remains below the maxi- 
mum package thermal capability line the junction tempera- 
ture will remain below 1 50°C — the limit for a molded pack- 
age. If the intersection of ambient temperature and package 
power fails on this line, the maximum junction temperature 
will be 150°C. Any intersection that occurs above this line 
will result in a junction temperature in excess of 150°C and 
is not an appropriate operating condition. 



25 50 75 100 125 150 175 

TEMPERATURE (°C) 


TL/H/9312-5 

FIGURE 5. Package Power Capability 
vs Temperature 

The thermal capabilities of all integrated circuits are ex- 
pressed as a power capability at 25°C still air environment 
with a given derating factor. This simply states, for every 
degree of ambient temperature rise above 25°C, reduce the 
package power capability stated by the derating factor 
which is expressed in mW/°C. For our example — a 0 ja of 
63°C/W relates to a derating factor of 1 5.9 mW/°C. 

FACTORS INFLUENCING PACKAGE 
THERMAL RESISTANCE 

As discussed earlier, improving any portion of the two pri- 
mary thermal flow paths will result in an improvement in 
overall thermal resistance junction-to-ambient. This section 
discusses those components cf thermal resistance that can 
be influenced by the manufacturer of the integrated circuit. It 
also discusses those factors in the overall thermal resist- 
ance that can be impacted by the end user of the integrated 
circuit. Understanding these issues will go a long way in 
understanding chip power capabilities and what can be 
done to insure the best possible operating conditions and, 
thus, best overall reliability. 
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Die Size 

Figure 6 shows a graph of our 16-pin DIP thermal resistance 
as a function of integrated circuit die size. Clearly, as the 
chip size increases the thermal resistance decreases — this 
relates directly to having a larger area with which to dissi- 
pate a given power. 



1 2 3 4 5 6 7 8910 

DIE SIZE (kMIL 2 ) 

TL/H/9312-6 

FIGURE 6. Thermal Resistance vs Die Size 
Lead Frame Material 

Figure 7 shows the influence of lead frame material (both 
die attach and device pins) on thermal resistance. This 
graph compares our same 16-pin DIP with a copper lead 
frame, a Kovar lead frame, and finally an Alloy 42 type lead 
frame — these are lead frame materials commonly used in 
the industry. Obviously the thermal conductivity of the lead 
frame material has a significant impact in package power 
capability. Molded interface circuits from National Semicon- 
ductor use the copper lead frame exclusively. 
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TL/H/9312-7 

FIGURE 7. Thermal Resistance vs 
Lead Frame Material 

Board vs Socket Mount 

One of the major paths of dissipating energy generated by 
the integrated circuit is through the device leads. As a result 
of this, the graph of Figure 8 comes as no surprise. This 
compares the thermal resistance of our 16-pin package sol- 
dered into a printed circuit board (board mount) compared 
to the same package placed in a socket (socket mount). 
Adding a socket in the path between the PC board and the 
device adds another stage in the thermal flow path, thus 
increasing the overall thermal resistance. The thermal capa- 
bilities of National Semiconductor’s interface circuits are 
specified assuming board mount conditions. If the devices 
are placed in a socket the thermal capabilities should be 
reduced by approximately 5% to 10%. 
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TL/H/9312-8 


FIGURE 8. Thermal Resistance vs 
Board or Socket Mount 


Air Flow 

When a high power situation exists and the ambient temper- 
ature cannot be reduced, the next best thing is to provide air 
flow in the vicinity of the package. The graph of Figure 9 
illustrates the impact this has on thermal resistance. This 
graph plots the relative reduction in thermal resistance nor- 
malized to the still air condition for our 16-pin molded DIP. 
The thermal ratings on National Semiconductor’s interface 
circuits data sheets relate to the still air environment. 



AIR FLOW (LINEAR FEET/MINUTE) 

TL/H/9312-9 

FIGURE 9. Thermal Resistance vs Air Flow 


Other Factors 

A number of other factors influence thermal resistance. The 
most important of these is using thermal epoxy in mounting 
ICs to the PC board and heat sinks. Generally these tech- 
niques are required only in the very highest of power appli- 
cations. 

Some confusion exists between the difference in thermal 
resistance junction-to-ambient (0ja) and thermal resistance 
junction-to-case (0jc)- The best measure of actual junction 
temperature is the junction-to-ambient number since nearly 
all systems operate in an open air environment. The only 
situation where thermal resistance junction-to-case is impor- 
tant is when the entire system is immersed in a thermal bath 
and the environmental temperature is indeed the case tem- 
perature. This is only used in extreme cases and is the ex- 
ception to the rule and, for this reason, is not addressed in 
this application note. 

NATIONAL SEMICONDUCTOR 
PACKAGE CAPABILITIES 

Figures 10 and 11 show composite plots of the thermal 
characteristics of the most common package types in the 
National Semiconductor Linear Circuits product family. Fig- 
ure 10 is a composite of the copper lead frame molded 
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package. Figure 1 1 is a composite of the ceramic (cavity) 
DIP using poly die attach. These graphs represent board 
mount still air thermal capabilities. Another, and final, ther- 
mal resistance trend will be noticed in these graphs. As the 
number of device pins increase in a DIP the thermal resist- 
ance decreases. Referring back to the thermal flow chart, 
this trend should, by now, be obvious. 

RATINGS ON INTEGRATED CIRCUITS DATA SHEETS 

In conclusion, all National Semiconductor Linear Products 
define power dissipation (thermal) capability. This informa- 
tion can be found in the Absolute Maximum Ratings section 
of the data sheet. The thermal information shown in this 
application note represents average data for characteriza- 
tion of the indicated package. Actual thermal resistance can 
vary from +10% to ±15% due to fluctuations in assembly 
quality, die shape, die thickness, distribution of heat sources 
on the die, etc. The numbers quoted in the linear data 
sheets reflect a 15% safety margin from the average num- 
bers found in this application note. Insuring that total pack- 
age power remains under a specified level will guarantee 
that the maximum junction temperature will not exceed the 
package maximum. 


Molded (N Package) DIP* 
Copper Leadframe — HTP 
Die Attach Board Mount — 
Still Air 



1 2 3 4 5 6 7 8910 

DIE SIZE (kMIL 2 ) 


* Packages from 8- to 20-pin 0.3 mil width TL/H/9312-10 

22-pin 0.4 mil width 
24- to 40-pin 0.6 mil width 

FIGURE 10. Thermal Resistance vs Die Size 
vs Package Type (Molded Package) 

Surface Mount (M, MW Packages), 
Board Mount, Still Air 



Ik, 10k 100k 

TL/H/9312-12 

FIGURE 12. Thermal Resistance for “SO” Packages 
(Board Mount) 


The package power ratings are specified as a maximum 
power at 25°C ambient with an associated derating factor 
for ambient temperatures above 25°C. It is easy to deter- 
mine the power capability at an elevated temperature. The 
power specified at 25°C should be reduced by the derating 
factor for every degree of ambient temperature above 25°C. 
For example, in a given product data sheet the following will 
be found: 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 509 mW 

Molded Package 1 476 mW 

* Derate cavity package at 10 mW/'C above 25°C; derate molded package 
at 11.8 mW/°C above 25°C. 

If the molded package is used at a maximum ambient tem- 
perature of 70°C, the package power capability is 945 mW. 
P D @ 70°C= 1476 mW— (1 1.8 mW/ o C)X(70°C-25°C) 

= 945 mW 


Cavity (J Package) DIP* 
Poly Die Attach Board 
Mount— Still Air 



* Packages from 8- to 20-pin 0.3 mil width TL/H/931 2- 1 1 

22-pin 0.4 mil width 
24- to 48-pin 0.6 mil width 


FIGURE 11. Thermal Resistance vs Die Size 
vs Package Type (Cavity Package) 


TO-263 (S Package) 



0 12 3 

COPPER FOIL AREA (SQ. IN.) 

TL/H/9312-13 

*For products with high current ratings (>3A), thermal resistance may be 
lower. Consult product datasheet for more information. 

FIGURE 13. Thermal Resistance (typ.*) for 3-, 5-, 
and 7-L TO-263 packages mounted on 1 oz. 
(0.036mm) PC board foil 
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APPENDIX F 

How to Get the Right Information From a Data Sheet 

Not All Data Sheets Are Created Alike, and False Assumptions Could Cost an Engineer Time and Money 

By Robert A. Pease 


When a new product arrives in the marketplace, it hopefully 
will have a good, clear data sheet with it. 

The data sheet can show the prospective user how to apply 
the device, what performance specifications are guaranteed 
and various typical applications and characteristics. If the 
data-sheet writer has done a good job, the user can decide 
if the product will be valuable to him, exactly how well it will 
be of use to him and what precautions to take to avoid 
problems. 

SPECIFICATIONS 

The most important area of a data sheet specifies the char- 
acteristics that are guaranteed — and the test conditions that 
apply when the tests are done. Ideally, all specifications that 
the users will need will be spelled out clearly. If the product 
is similar to existing products, one can expect the data 
sheet to have a format similar to other devices. 

But, if there are significant changes and improvements that 
nobody has seen before, then the writer must clarify what is 
meant by each specification. Definitions of new phrases or 
characteristics may even have to be added as an appendix. 
For example, when fast-settling operational amplifiers were 
first introduced, some manufacturers defined settling time 
as the time after slewing before the output finally enters and 
stays within the error-band; but other manufacturers includ- 
ed the slewing time in their definition. Because both groups 
made their definitions clear, the user was unlikely to be con- 
fused or misled. 

However, the reader ought to be on the alert. In a few cas- 
es, the data-sheet writer is playing a specsmanship game, 
and is trying to show an inferior (to some users) aspect of a 
product in a light that makes it look superior (which it may 
be, to a couple of users). 

GUARANTEES 

When a data sheet specifies a guaranteed minimum value, 
what does it mean? An assumption might be made that the 
manufacturer has actually tested that specification and has 
great confidence that no part could fail that test and still be 
shipped. Yet that is not always the case. 

For instance, in the early days of op amps (20 years ago), 
the differential-input impedance might have been guaran- 
teed at 1 MH — but the manufacturer obviously did not mea- 
sure the impedance. When a customer insisted, “I have to 
know how you measure this impedance,” it had to be ex- 
plained that the impedance was not measured, but that the 
base current was. The correlation between lb and Zj n per- 
mitted the substitution of this simple dc test for a rather 
messy, noisy, hard-to-interpret test. 


Reprinted by permission from Electronic Engineering Times. 


Every year, for the last 20 years, manufacturers have been 
trying to explain, with varying success, why they do not mea- 
sure the Zj n per se, even though they do guarantee it. 

In other cases, the manufacturer may specify a test that can 
be made only on the die as it is probed on the wafer, but 
cannot be tested after the die is packaged because that 
signal is not accessible any longer. To avoid frustrating and 
confusing the customer, some manufacturers are establish- 
ing two classes of guaranteed specifications: 

• The tested limit represents a test that cannot be doubt- 
ed, one that is actually performed directly on 1 00 percent 
of the devices, 1 00 percent of the time. 

• The design limit covers other tests that may be indirect, 
implicit or simply guaranteed by the inherent design of 
the device, and is unlikely to cause a failure rate (on that 
test), even as high as one part per thousand. 

Why was this distinction made? Not just because customers 
wanted to know which specifications were guaranteed by 
testing, but because the quality-assurance group insisted 
that it was essential to separate the tested guarantees from 
the design limits so that the AQL (assurance-quality level) 
could be improved from 0.1 percent to down below 
100 ppm. 

Some data sheets guarantee characteristics that are quite 
expensive and difficult to test (even harder than noise) such 
as long-term drift (20 ppm or 50 ppm over 1 ,000 hours). 
The data sheet may not tell the reader if it is measured, 
tested or estimated. One manufacturer may perform a 100- 
percent test, while another states, “Guaranteed by sample 
testing.” This is not a very comforting assurance that a part 
is good, especially in a critical case where only a long-term 
test can prove if the device did meet the manufacturer’s 
specification. If in doubt, question the manufacturer. 

TYPICALS 

Next to a guaranteed specification, there is likely to be an- 
other in a column labeled “typical”. 

It might mean that the manufacturer once actually saw one 
part as good as that. It could indicate that half the parts are 
better than that specification, and half will be worse. But it is 
equally likely to mean that, five years ago, half the parts 
were better ahd half worse. It could easily signify that a few 
parts might be slightly better, and a few parts a lot worse; 
after all, if the noise of an amplifier is extremely close to the 
theoretical limit, one cannot expect to find anything much 
better than that, but there will always be a few noisy ones. 
If the specification of interest happens to be the bias current 
(lb) of an op amp, a user can expect broad variations. For 
example, if the specification is 200 nA maximum, there 
might be many parts where ^ is 40 nA on one batch (where 
the beta is high), and a month later, many parts where the lb 
is 1 40 nA when the beta is low. 
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Absolute Maximum Ratings (Note id 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage + 35V to - 0.2V 

Output Voltage + 6V to - 1 .0V 

Output Current 1 0 mA 

Storage Temperature, 

TO-46 Package — 76°F to + 356°F 

TO-92 Package - 76°F to + 300°F 

DC Electrical Characteristics (Note i, Note 6) 


Lead Temp. (Soldering, 4 seconds) 

TO-46 Package + 300°C 

TO-92 Package + 260°C 

Specified Operating Temp. Range (Note 2) 

TmIN to T MA x 

— 50°F to + 300° F 


LM34, LM34A 
LM34C, LM34CA 
LM34D 


— 40°F to + 230° F 
+ 32° F to + 212°F 




LM34A 

LM34CA 


Parameter 

Conditions 

Typical 

Tested 

Limit 

Design 

Limit 

Typical 

Tested 

Limit 

Design 

Limit 

Units 

(Max) 




(Note 4) 

(Note 5) 


(Note 4) 

(Note 5) 

Accuracy (Note 7) 

T a = + 77° F 

±0.4 

±1.0 


±0.4 

±1.0 


°F 


T A = 0°F 

±0.6 



±0.6 


±2.0 

°F 


Ta = Tmax 

±0.8 

±2.0 


±0.8 

±2.0 


°F 


Ta = t min 

±0.8 

±2.0 


±0.8 


±3.0 

°F 

Nonlinearity (Note 8) 

t min ^ t a ^ Tmax 

±0.35 


±0.7 

±0.30 


±0.6 

°F 

Sensor Gain 

Tmin ^ t a ^ T M ax 

+ 10.0 

+ 9 . 9 , 


+ 10.0 


+ 9 . 9 , 

mV/°F, min 

(Average Slope) 



+ 10.1 




+ 10.1 

mV/°F, max 

Load Regulation 

Ta = + 77°F 

±0.4 

±1.0 


±0.4 

±1.0 


mV/mA 

(Note 3) 

Tmin ^ t a ^ T M ax 

0 ^ l L ^ 1 mA 

±0.5 


±3.0 

±0.5 


±3.0 

mV/mA 

Line Regulation (Note 3) 

T A = +77’F 

±0.01 

±0.05 


±0.01 

±0.05 


mV/V 


5V <; V s ^ 30V 

±0.02 


±0.1 

±0.02 


±0.1 

mV/V 

Quiescent Current 

V s = + 5V, + 77°F 

75 

90 


75 

90 


jllA 

(Note 9) 

V s = + 5V 

131 


160 

116 


139 

juiA 


V s = + 30V, +77°F 

76 

92 


76 

92 


ju.A 


V s = + 30V 

132 


163 

117 


142 

julA 

Change of Quiescent 

4V ^ V s ^ 30V, + 77°F 

+ 0.5 

2.0 


0.5 

2.0 


ju,A 

Current (Note 3) 

5V ^ V s ^ 30V 

+ 1.0 


3.0 

1.0 


3.0 

julA 

Temperature Coefficient 
of Quiescent Current 


+ 0.30 


+ 0.5 

+ 0.30 


+ 0.5 

ju,A/°F 

Minimum Temperature 

In circuit of Figure 1 , 

+ 3.0 


+ 5.0 

+ 3.0 


+ 5.0 

°F 

for Rated Accuracy 

l L = 0 




Long-Term Stability 

Tj = Tmax for 1000 hours 

±0.16 



±0.16 



°F 


Note 1: Unless otherwise noted, these specifications apply: -50°F ^ Tj ^ + 300°F for the LM34 and LM34A; -40°F ^ Tj ^ -l-230 0 F for the LM34C and 
LM34CA; and + 32°F ^ Tj ^ + 21 2°F for the LM34D. Vs = + 5 Vdc and l|_OAD = 50 /xA in the circuit of Figure 2; + 6 Vdc for LM34 and LM34A for 230°F <: Tj ^ 
300°F. These specifications also apply from +5°F to Tmax ' n the circuit of Figure 1. 

Note 2: Thermal resistance of the TO-46 package is 292°F/W junction to ambient and 43°F/W junction to case. Thermal resistance of the TO-92 package is 
324°F/W junction to ambient. 

Note 3: Regulation is measured at constant junction temperature using pulse testing with a low duty cycle. Changes in output due to heating effects can be 
computed by multiplying the internal dissipation by the thermal resistance. 

Note 4: Tested limits are guaranteed and 100% tested in production. 

Note 5: Design limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are not used to 
calculate outgoing quality levels. 

Note 6: Specification in BOLDFACE TYPE apply over the full rated temperature range. 

Note 7: Accuracy is defined as the error between the output voltage and 10 mV/°F times the device’s case temperature at specified conditions of voltage, current, 
and temperature (expressed in °F). 

Note 8: Nonlinearity is defined as the deviation of the output-voltage-versus-temperature curve from the best-fit straight line over the device’s rated temperature 
range. 

Note 9: Quiescent current is defined in the circuit of Figure 1. 

Note 10: Contact factory for availability of LM34CAZ. 

Note 11: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when 
operating the device beyond its rated operating conditions (see Note 1). 
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A Point-By-Point Look 

Let’s look a little more closely at the data sheet of the Na- 
tional Semiconductor LM34, which happens to be a temper- 
ature sensor. 

Note 1 lists the nominal test conditions and test circuits in 
which all the characteristics are defined. Some additional 
test conditions are listed in the column “Conditions”, but 
Note 1 helps minimize the clutter. 

Note 2 gives the thermal impedance, (which may also be 
shown in a chart or table). 

Note 3 warns that an output impedance test, if done with a 
long pulse, could cause significant self-heating and thus, 
error. 

Note 6 is intended to show which specs apply at all rated 
temperatures. 

Note 7 is the definition of the “Accuracy” spec, and Note 8 
the definition for non-linearity. Note 9 states in what test 
circuit the quiescent current is defined. Note 10 indicates 
that one model of the family may not be available at the time 
of printing (but happens to be available now), and Note 1 1 is 
the definition of Absolute Max Ratings. 

* Note — the “4 seconds” soldering time is a new standard 
for plastic packages. 

** Note — the wording of Note 11 has been revised — this is 
the best wording we can devise, and we will use it on all 
future datasheets. 

APPLICATIONS 

Another important part of the data sheet is the applications 
section. It indicates the novel and conventional ways to use 
a device. Sometimes these applications are just little ideas 
to tweak a reader’s mind. After looking at a couple of appli- 
cations, one can invent other ideas that are useful. Some 
applications may be of no real interest or use. 

In other cases, an application circuit may be the complete 
definition of the system’s performance; it can be the test 
circuit in which the specification limits are defined, tested 
and guaranteed. But, in all other instances, the performance 
of a typical application circuit is not guaranteed, it is only 
typical. In many circumstances, the performance may de- 
pend on external components and their precision and 
matching. Some manufacturers have added a phrase to 
their data sheets: 

“Applications for any circuits contained in this document are 
for illustration purposes only and the manufacturer makes 
no representation or warranty that such applications will be 
suitable for the use indicated without further testing or modi- 
fication.” 

In the future, manufacturers may find it necessary to add 
disclaimers of this kind to avoid disappointing users with 
circuits that work well, much of the time, but cannot be easi- 
ly guaranteed. 

The applications section is also a good place to look for 
advice on quirks — potential drawbacks or little details that 
may not be so little when a user wants to know if a device 
will actually deliver the expected performance. 

For example, if a buffer can drive heavy loads and can han- 
dle fast signals cleanly (at no load), the maker isn’t doing 
anybody any favors if there is no mention that the distortion 
goes sky-high if the rated load is applied. 


Another example is the application hint for the LF1 56 family: 
“Exceeding the negative common-mode limit on either input 
will cause a reversal of the phase tq output and force the 
amplifier output to the corresponding high or low state. Ex^ 
ceeding the negative common-mode limit on both inputs will 
force the amplifier output to a high state. In neither case 
does a latch occur, since raising the input back within the 
common-mode range again puts the input stage and, thus 
the amplifier, in a normal operating mode.” 

That’s the kind of information a manufacturer should really 
give to a data-sheet reader because no one could ever 
guess it. 

Sometimes, a writer slips a quirk into a characteristic curve, 
but it’s wiser to draw attention to it with a line of text. This is 
because it’s better to make the user sad before one gets 
started, rather than when one goes into production. Con- 
versely, if a user is going to spend more than 10 minutes 
using a new product, one ought to spend a full five minutes 
reading the entire data sheet. 

FINE PRINT 

What other fine print can be found on a data sheet? Some- 
times the front page may be marked “advance” or “prelimi- 
nary.” Then on the back page, the fine print may say some- 
thing such as: 

“This data sheet contains preliminary limits and design 
specifications. Supplemental information will be published 
at a later date. The manufacturer reserves the right to make 
changes in the products contained in this document in order 
to improve design or performance and to supply the best 
possible products. We also assume no responsibility for the 
use of any circuits described herein, convey no license un- 
der any patent or other right and make no representation 
that the circuits are free from patent infringement.” 

In fact, after a device is released to the marketplace in a 
preliminary status, the engineers love to make small im- 
provements and upgrades in specifications and characteris- 
tics, and hate to degrade a specification from its first pub- 
lished value — but occasionally that is necessary. 

Another item in the fine print is the manufacturer’s tele- 
phone number. Usually it is best to refer questions to the 
local sales representative or field-applications engineer, be- 
cause they may know the answer or they may be best able 
to put a questioner in touch with the right person at the 
factory. 

Occasionally, the factory’s applications engineers have all 
the information. Other times, they have to bring in product 
engineers, test engineers or marketing people. And some- 
times the answer can’t be generated quickly — data have to 
be gathered, opinions solidified or policies formulated be- 
fore the manufacturer can answer the question. Still, the 
telephone number is the key to getting the factory to help. 

ORIGINS OF DATA SHEETS 

Of course, historically, most data sheets for a class of prod- 
ucts have been closely modeled on the data sheet of the 
forerunner of that class. The first data sheet was copied to 
make new versions. 

That’s the way it happened with the UA709 (the first mono- 
lithic op amp) and all its copies, as well as many other simi- 
lar families of circuits. 
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Even today, an attempt is made to build on the good things 
learned from the past and add a few improvements when 
necessary. But, it’s important to have real improvements, 
not just change for the sake of change. 

So, while it’s not easy to get the format and everything in it 
exactly right to please everybody, new data sheets are con- 
tinually surfacing with new features, applications ideas, 
specifications and aids for the user. And, if the users com- 
plain loudly enough about misleading or inadequate data 
sheets, they can help lead the way to change data sheets. 
That’s how many of today’s improvements came about — 
through customer demand. 

Who writes data sheets? In some cases, a marketing per- 
son does the actual writing and engineers do the checking. 
In other companies, the engineer writes, while marketing 
people and other engineers check. Sometimes, a commit- 
tee seems to be doing the writing. None of these ways is 
necessarily wrong. 

For example, one approach might be: The original designer 
of the product writes the data sheet (inside his head) at the 
same time the product is designed. The concept here is, if 
one can’t find the proper ingredients for a data sheet — good 
applications, convenient features for the user and nicely 
tested specifications as the part is being designed — then 
maybe it’s not a very good product until all those ingredients 
are completed. Thus, the collection of raw materials for a 
good data sheet is an integral part of the design of a prod- 
uct. The actual assembly of these materials is an art which 
can take place later. 


WHEN TO WRITE DATA SHEETS 

A new product becomes available. The applications engi- 
neers start evaluating their application circuits and the test 
engineers examine their production test equipment. 

But how can the users evaluate the new device? They have 
to have a data sheet — which is still in the process of being 
written. Every week, as the data sheet writer tries to polish 
and refine the incipient data sheet, other engineers are re- 
porting, “These spec limits and conditions have to be re- 
vised,” and, “Those application circuits don’t work like we 
thought they would; we’ll have one running in a couple of 
days.” The marketing people insist that the data sheet must 
be finalized and frozen right away so that they can start 
printing copies to go out with evaluation samples. 

These trying conditions may explain why data sheets always 
seem to have been thrown together under panic conditions 
and why they have so many rough spots. Users should be 
aware of the conflicting requirements: Getting a data sheet 
“as completely as possible” and “as accurately as possi- 
ble” is compromised if one wants to get the data sheet “as 
quickly as possible.” 

The reader should always question the manufacturer. What 
are the alternatives? By not asking the right question, a mis- 
understanding could arise; getting angry with the manufac- 
turer is not to anyone’s advantage. 

Robert Pease has been staff scientist at National Semicon- 
ductor Corp., Santa Clara, Calif., for eleven years. He has 
designed numerous op amps, data converters, voltage reg- 
ulators and analog-circuit functions. 
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Appendix F 




N a t ion a l Semiconductor 


8 Lead Ceramic Sidebrazed Dual-in-Line Package 
NS Package Number D08C 

All dimensions are in inches (millimeters) 



"1 

□ 


□ 

0.008-0.015 H 


(0.203-0.381) y 
0.300 1 


REF 



14 Lead Ceramic Sidebrazed Dual-in-Line Package 
NS Package Number D14D 

All dimensions are in inches (millimeters) 


PIN NO. 1 IDENT 






14 Lead Hermetic Dual-in-Line Package 
NS Package Number D14E 

All dimensions are in inches (millimeters) 


0.760 



n*i 

(19.304) 

MAX 

\u\ (T71 Rol r?l 

JIL 






r 

0.298 

PIN NO. 1 | 

r 



(7.569) 

MAY 

IDENT "-'j 




IV1M A 

t 


TIT 

lii ni Lii nm i 

TIT 


1 


L 






0.008-0,015 


(0.203-0.381) 


0.300 


(7.620) 

REF 


(1 ADR 


0.180 



(2.540 ±0.254) 


16 Lead Ceramic Sidebrazed Dual-in-Line Package 
NS Package Number D16C 

All dimensions are in inches (millimeters) 


0.810 




1 AND 16) D16C (REV H) 
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Physical Dimensions 


16 Lead Hybrid Metal Can Dual-in-Line Package 
NS Package Number D16D 

All dimensions are in inches 





20 Lead Ceramic Leadless Chip Carrier, Type C 
NS Package Number E20A 

All dimensions are in inches (millimeters) 



Top View 


0.20Q±0.005 
(5.080 ± 0. 127) 




3 PICS 


Bottom View 
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48 Lead Ceramic Leadless Chip Carrier, Type C 
NS Package Number E48A 



0.025 TYP. 
_ 0.012 R. 

TYP. (3X) 


All dimensions are in inches 





*- 0.022 MAX TYP. 
-0.006 MIN. TYP. 


12 Lead (0.400 Square Pattern) TO-8 Metal Can Package 
NS Package Number G12B 

All dimensions are in inches (millimeters) 


0.148-0.181 
(3.759 - 4.597) 


0.545 - 0.555 
"(13.843-14.097) 
DIA 


0.030 

(0.762) 

MAX 

UNCONTROLLED 
LEAD DIA 


0.015-0.019 
"(0.406 - 0.483) 
DIA TYP 


0.595-0.608 // 

(15.113-15.443) I j 0 5 
DIA 


120 /i 

2 1 /l 


^ O O O 


0.026 - 0.036 
'(0.660-0.914) 


0.026-0.036 
y“(0.660 - 0.914) 





3 Lead (0.200" Diameter P.C.) TO-39 Metal Can Package, High Profile 
NS Package Number H03B 

All dimensions are in inches (millimeters) 



6 Lead (0.200" Diameter P.C.) TO-5 Metal Can Package 
NS Package Number H06C 

All dimensions are in inches (millimeters) 







8 Lead (0.230 Diameter P.C.) TO-5 Metal Can Package 
NS Package Number H08A 

All dimensions are in inches (millimeters) 


0.350-0.370 

(8.890-9.398) 


0.165-0.185 
(4.191 —4.699) 



REFERENCE PLANE 


A f 0.040 
°- 500 (1.016) 

(12.70) MAX 

MIN 


0.225-0.235 
(5.715-5.969)" 
DIA PC 


0.315-0.335 
(8.001 -8.509) 
DIA 


0.015-0.040 

(0.381-1.016) 


0.016-0.019 
(0.406-0.483) 
DIA TYP 


0.025 

(0.635) 

MAX UNCONTROLLED 
LEAD DIA 


0.029-0.045 y\ 
(0.737-1.143) 

0.028-0.034 

(0.711-0.864)” 



' I'V V'l 'V 1 » 

{'fa)?} 


.115-0.145 

.921-3.683) 

DIA 


8 Lead (0.230" Diameter P.C.) Metal Can Package 
NS Package Number H08B 


0.350 - 0.370 
(8.890 -9.398) ~ 
DIA 


0.180-0.210 

(4.572-5.334)" 


(5.715-5.91 

P.C. 


All dimensions are in inches (millimeters) 


0.305-0.335 

(7.747-8.509) 



|| 0.015-0.019 

^l^i ol B ,-0.4B3) DIATYP 


0.029-0.045 X\ 
(0.737-1.143) 

0.028-0.034 

(0.711-0.864) 


ffy > j \\ 

( I ( 1 ^ 4- ^ 5 Jj J 

I .>6/7 


45° EQUALLY 
SPACED - 





Physical Dimensions 


8 Lead (0.200" Diameter P.C.) TO-5 Metal Can Package 
NS Package Number H08C 

All dimensions are in inches (millimeters) 



8 Lead (0.230" Diameter P.C.) Metal Can Package 
NS Package Number H08D 

All dimensions are in inches (millimeters) 
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10 Lead (0.230" Diameter P.C.) TO-5 Metal Can Package 
NS Package Number H10C 

All dimensions are in inches (millimeters) 



P.C. H10C (REV E) 


10 Lead (0.230" Diameter P.C.) Metal Can Package 
NS Package Number H10F 

All dimensions are in inches (millimeters) 



H10F (REV A) 
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Physical Dimensions 



Physical Dimensions 


10 Lead (0.230" Diameter P.C.) Metal Can Package 
NS Package Number HI OG 

All dimensions are in inches (millimeters) 




HIOG(REVB) 


12 Lead (0.400" Square Pattern) Metal Can Package 
NS Package Number HI 2B 

All dimensions are in inches (millimeters) 




H12B (REV A) 
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8 Lead Dual-ln-Line Hybrid Package 
NS Package Number HY08A 


All dimensions are in inches 




8 Lead Ceramic Dual-in-Line Package 
NS Package Number J08A 

All dimensions are in inches 




J08A (REV K) 




Physical Dimensions 


14 Lead Ceramic Dual-in-Line Package 
NS Package Number J14A 


All dimensions are in inches (millimeters) 


MAX 

nil ns] rai irn rm 



0.290-0.320 

(7.366-8.128) 


0.005 , 

[0.127) ^ GLi 

MIN SEAl 

i, 



0.008-0.012 
(0.203-0.305) 
0.098 
(2.489) 
MAX BOTH ENDS 


0.060 ±0.005 
(1.524 ±0.127) ~ 


0.018 ±0.003 || 

(0.457 ±0.076)"^' 


0.100 ±0.010 
(2.540 ±0.254) 


0.200 

(5.080) 

M ft X 0.020-0.060 

f (0.508-1.524) 


0.125-0.200 

(3.175-5.080) 


16 Lead Ceramic Dual-in-Line Package 
NS Package Number J16A 


° .785 u , w 
[19.94] MAX 


All dimensions are in inches [millimeters] 



0.13 ] — +\ 
N TYP 


0.037 ± 0.005 
‘ [0.94 ±0.13] 


0. 125-0. 200 TY p _J T 
[3.18-5.08] TYP 

0.080 kJ AY L 

[2.03] MAX ~*n r" 
BOTH ENDS 

0.100 ± 0.010 TYP 
[2.54 ±0.25] IT ^ 


0.220-0.310 

[5.59-7.87] 


p 0 . 0 0 5 — 0 . 0 2 0 t y p 

" K [0.13-0.51] ITP 


0.055 ± 0.005 
" [ 1 .40 ±0.13] 


0. 290-0. 320_ 
[7.37-8.13] 


' [0.51-1.52] 


[4.57°] MAX 


typ 


0.0 1 8 ± 0.003 TY p 
"[0.46 ±0.08] ITr 


GLASS SEALANT 


0.0 1 0 ± 0.002 
* [0.25 ±0.05] 


0.310-0.410 

[7.87-10.41] 





2 Lead TO-3 Metal Can Package 
NS Package Number K02A 


All dimensions are in inches [millimeters] 


[3.84-4.09] 


0.980-1.020 
‘ [24.89-25.91]“ 


0.420-0.500 _ 
[10.67-12.70] 


0.325-0.352 
' [8.26-8.94] 

0.060-0.070 
‘ [1.52-1.78] 


0.660-0.670 

[16.76-17.02] 


1.177-1.197 

[29.90-30.40] 


r<Fi 


, 0.880-0.915 
[22.35-23.24] 


, 0.760-0.775 
[19.30-19.69] 


0.210-0.220 

[5.33-5.59] 



I 0.425-0.435 I 
[10.80-1 1.05 ] ' 


[4.27-4.52] 


UNCONTROLLED 
LEAD DIA 
0-025 w.w 
[0.64] MAX 

SEATING PLANE — 


8 Lead TO-3 Metal Can Package 
NS Package Number K08A 


0,760-0.775 
(19.304-19.685) $ 


0.220-0.280 0085 -°- 100 
(5.588-7.112) (2.159-2.54) 


All dimensions are in inches (millimeters) 


0.880-0.925 
(22.35-23.50) * 


0-345-0.395 
UNCONTROLLED <8.763-10.033) 
LEAD 1 


SEATING PLANE 


b || x 0.036-0.044 
(0.914-1.118) ^ 
TYP 


0.490-0.510 
(12.446-12.954) ? 


0.151-0.161 

(3.835-4.089! 

TYP 


0.980-1.020 

(24.892-25.908) 

i_ 

0.585-0.600 

(14.859-15.24) 

1.177-1,197 

(29.896-30.404) 



(2.438-2.692) 
8 HOLES 


X 80 

l 0.166-0.178 

xt 

(4.216-4.521) 

I R 

C r 

(2x) 


Physical Dimensions 





Physical Dimensions 


8 Lead (0.150" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M08A 


All dimensions are in inches (millimeters) 

. 0 . 189 - 0.197 . 

( 4 . 800 - 5 . 004 ) 


0 . 228 - 0,244 

( 5 . 791 - 6 . 198 ) 



M“max 

( 0 . 254 ) 


0 , 150 - 0.157 
( 3.810 - 3 . 988 ) 


0 . 010 - 0.020 ^ 
( 0 . 254 - 0 . 508 ) 


0,008 - 0.010 
( 0.203 - 0 . 254 ) 
TYP ALL LEADS 


(0.102) 

ALL LEAD TIPS 


8° MAX TYP 
ALL LEADS 


0 . 016 - 0.050 
( 0 . 406 - 1 . 270 ) 
TYP ALL LEADS 


0.053 - 0.069 
( 1 . 346 - 1 . 753 ) 


0.004 - 0.010 
( 0.102 - 0 . 254 ) 

. 1 SEATING 

A PUNE 


14 Lead (0.150" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M14A 

All dimensions are in inches (millimeters) 


0 . 335 - 0.344 
’ ( 8 . 509 - 8 . 738 ) 


1 14 13 12 11 10 


0 . 228 - 0.244 
( 5.791 - 6 . 198 ) 



0 . 150 - 0.157 
( 3.810 - 3 . 988 ) 


8° MAX TYP 
ALL LEADS 


0 . 053 - 0.069 

( 1 . 346 - 1 . 753 ) 


0 . 004 - 0.010 

( 0 . 102 - 0 . 254 ) 


0.008 - 0.010 
( 0 . 203 - 0 . 254 ) 


0 . 016 - 0.050 

“( 0 . 406 - 1 . 270 ) 


U nfa 

0.050 ^ 


0 . 014 - 0.020 T yp 
“( 0 . 356 - 0 . 508 ) 
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14 Lead (0.300" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M14B 

All dimensions are in inches (millimeters) 



0.291 -0.299 



(7.391 -7.595) 



0.009 - 0.013 

7*1 

— 

• 1221 x45° 

(0.432) 

(0.229 - 0.330) 

1 


8° MAX TYP 

TYP ALL LEADS J 

t ... T— .. } 

k 

ALL LEADS 

L_ J 

1 - ■■■ 

L 

1 

t 

/ 

0.004 _/ ^ 


0.030-0.050 


(0.102) 

ALL LEAD 

TIPS 


^ (0.762-1.270) 

TYP ALL LEADS 


0.093-0.104 

(2.362-2.642) 


i L 


t 

0.037-0.044 

(0.940-1.118) 


r 


Ks 


0.050 
(1.270) ~ 


mn 


r 


0.004 - 0.012 
.102-0.305) 

A SEATING 

I PLANE 


0.014-0.019 


(0.356-0.483) 


TYP 


M14B (REV 0) 


16 Lead (0.150" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M16A 

All dimensions are in inches (millimeters) 




, 0.386-0.394 

[ (9.804-10.00) 

j 

H 

16 15 14 13 12 11 10 9 

[fi A ft A A A A A 

1 

0.228- 
(5.791 - 

i 

-0.244 

-6.198) 

-P. ... I 

LEAD NO. 1_ 

1 

rmro u £ 

1 2 3 4 5 6 7 8 


30° 

TYP 


(0.254) 


(0.254 -0.508) 




0.150-0.157 


(3.810-3.988) 


r 


0.008 - 0.010 
(0.203 - 0.254) 


( 0 . 102 ) 


8» MAX TYP 
ALL LEADS 






(0.406-1.270) 
TYP ALL LEADS 



M16A (REV H) 





Physical Dimensions 


16 Lead (0.300 Wide) Molded Small Outline Package, JEDEC 
NS Package Number M16B 



All dimensions are in 


0.3977-0.4133 

10.10-10.50 


16 15 14 13 12 11 10 9 


LEAD NO 1 - 
IDENTIFICATION 



0.2914-0.2992 I 

_ 7.4-7. 6 0.3940-0.4190 

rifTH 10.00-10.65 


1 2 3 4 5 6 7 


■ TYP ♦ Sr® A C <D B 


0,0926-0.1043 

2.35-2.65 





0.0040-0.01 18 
0.1-0. 3 



0.0160-0.0500 7 
0.40-1.27 


24 Lead (0.300" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M24B 


All dimensions are in • 


24 23 22 21 20 19 18 17 16 15 14 13 


LEAD NO 1 
IDENTIFICATION 


' I 

I r o.4 is 

1 T 0,394 

I 10.6 

I I in.ni 


i*iqjuuuuuuuuu u 

1 2 3 4 5 6 7 8 9 10 11 12 

L J P 50| ° q° q 

r**T- \ i~27 1 -H 


1 TYP ALL LEADS- 






5 Lead Molded SOT-23-5 
NS Package Number MA05A 



All dimensions are in inches [millimeters] 



0-0375 L J L 0.0375 

[ 0 . 953 ] ' ' ^ [ 0 . 953 ] 


LAND PATTERN RECOMMENDATION 




8 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N08E 

All dimensions are in inches (millimeters) 




10 Lead Molded Dual-in-Line Package 
NS Package Number N 1 0A 

All dimensions are in inches (millimeters) 




N10A (REV A) 





14 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N14A 

All dimensions are in inches (millimeters) 



index r±rr 

AREA ill 

Jh 


hi 


I DENT LU l_2j |_3 


OPTION 02 


0.13510.005 
(3.429 ±0.127) 




16 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N16A 

All dimensions are in inches (millimeters) 





0.130 ±0.005 
(3.302 ±0.127) 


0.009-0.015 


(0.229-0.381) 

0.075 ±0.015 


mm 


+0.040 


(1.905 ±0.381) 





1 

[ 0.145-0.200 

r ♦ (3.683-5.080) 

^90° +4°' 

■ -TYP 

r” i t 
[ 0.020 


0.018 ±0.003 0.125-0.140 


(0.457 ±0.076) (3.175-3.556) 


H S) 


0.100 ± 0.010 
(2.540 ±0.254) ~ 


N16A (REV E) 
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4 Lead Molded TO-202 
NS Package Number P04A 


All dimensions are in inches (millimeters) 



0.150 ± 0.010 
( 3.810 ± 0 . 254 ) 




0.021 ± 0.003 
( 0.533 ± 0 . 076 ) 


P 


0.053 ± 0.015 
( 1.346 ± 0 . 381 ) 


P04A (REV A) 





11 Lead Molded TO-202 
NS Package Number P11A 


_ 0.880 ±0 005 

(22.35210.127) 

0.44010,005 

(11.17610.127) 

0.22010.005 
(5.588 1 0.127) 


All dimensions are in inches (millimeters) 


0.128-0.132 

(3.251 3.353) x45° (P11A-2) 

DIA <° 864 > 

0.050 . _ » .fc. . . . . 

(T270) X45 (M1M) 


0.46310.005 A 
(11.76010.127) | 

I 0 370 1 0.005 
(9.39810.127) 


EJECTOR PINS 
0.12510.005 
(3.175 1 0.127)' 
BOTH SIDES 
OF PACKAGE 



0.05010.015 

(1.27010.381) 


0.806-0.820 
(20.47-20.83) 
4 PLACES 


1.093-1.120 1 
(27.76-28.45) 


0.02510.003 
(0.63510.076) 
(P11A-2) 
0.01810.003 
(0.457 10.076) 
(P11A-1) 


0.125-0,135 

(3.175-3.429) 


(1.016)~H r~ 

TYP 0.070 

0.10010.010 ^fTTgj- 

(2.54010.254) 


0.35010.005 

(8.89010.127) 


0.13010.005 

(3.30210.127) 


0.009-0.015 

(0.229-0.381) 


EJECTOR PINS 
0.001-0.009 
(0.025 - 0.229) 


3 Lead Molded TO-220 
NS Package Number T03B 


0.240-0.260 

[6.10-6.60] 


0.100-0.120 

[2.54-3.05] 


0.330-0.350 

[8.38-8.89] 


\f * [3.78-3.8 



All dimensions are in inches [millimeters] 


[3.30-4.06] 


1.005-1.035 

[25.53-26.29] 


0.048-0.055 _ 
[1.22-1.40] 

TYP 

0.027-0.037 

[0.69-0.94] 

TYP 




/ \ ( 0.525-0.555 \ . i— 0.0 

/ \ V [13.34-14.10 ] ) 1 


0.175-0.185 I 
[4.45-4.70] _L_ 



n +0 01 ° f? 67 +0 - 25 1 
0.105 -0.015 L 2,6 ' -0.38 J 


SEATING PLANE 



Physical Dimensions 


5 Lead Molded TO-220 
NS Package Number T05B 



ffl 





1 1 Lead Molded TO-220 
NS Package Number TF11B 


All dimensions are in inches [millimeters] 



10 Lead Cerpack 
NS Package Number W10A 

All dimensions are in inches 


0.080 _*j 

0.055 


0.035 

0.026 

TYP 


H-0.270 MAX-H 


0.050 ±0.005 ■ 
TYP 


■ti r 


■ 0.005 MIN TYP 



0.370 

0.250 


0.006 JL 

0.004 

TYP 



0.019 

0.015 


JL 0.045 MAX 



II 0.012 
0.008 

DETAIL A 


W10A (REV E) 



Physical Dimensions 


14 Lead Ceramic Flatpack 
NS Package Number W14B 

All dimensions are in inches 


0.080 
' 0.050 


0*045 

0.026 

TYP 


0 . 006 _J 

0.004 

TYP 




_JL 0*012 
0.008 

DETAIL A 


W14B (REV J) 


3 Lead Molded TO-92 


NS Package Number Z03A 

All dimensions are in inches [millimeters] 



°[ 0 ° 368 - 0 . 394] 5 BEF0RE LEAD FIN,SH 



Z03A (REV F) 
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Semiconductor 


Bookshelf of Technical Support Information 

National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technical 
literature. 

This bookshelf is a compilation of books that are currently available. The listing that follows shows the publication year and 
section contents for each book. 

For datasheets on new products and devices still in production but not found in a databook, please contact the National 
Semiconductor Customer Support Center at 1 -800-272-9959. 

We are interested in your comments on our technical literature and your suggestions for improvement. 

Please send them to: 

Technical Communications Dept. M/S 16-300 

2900 Semiconductor Drive 

P.O. Box 58090 

Santa Clara, CA 95052-8090 

ADVANCED BiCMOS LOGIC (ABTC, IBF, BiCMOS SCAN, LOW VOLTAGE 
BiCMOS, EXTENDED TTL TECHNOLOGY) DATABOOK— 1994 

ABTC/BCT Description and Family Characteristics • ABTC/BCT Ratings, Specifications and Waveforms 
ABTC Applications and Design Considerations • Quality and Reliability • Integrated Bus Function (IBF) Introduction 
54/74ABT3283 Synchronous Datapath Multiplexer • 74FR900/25900 9-Bit 3-Port Latchable Datapath Multiplexer 
54/74ACTQ3283 32-Bit Latchable Transceiver with Parity Generator/Checker and Byte Multiplexing 
SCAN18xxxA BiCMOS 5V Logic with Boundary Scan • 74LVT Low Voltage BiCMOS Logic 
VME Extended TTL Technology for Backplanes 

ALS/AS LOGIC DATABOOK— 1990 

Introduction to Advanced Bipolar Logic • Advanced Low Power Schottky • Advanced Schottky 

APPLICATION SPECIFIC ANALOG PRODUCTS DATABOOK— 1995 

Audio Circuits • Video Circuits • Automotive • Special Functions • Surface Mount 

ASIC DESIGN MANUAL/GATE ARRAYS & STANDARD CELLS— 1987 

SSI/MSI Functions • Peripheral Functions • LSI/VLSI Functions • Design Guidelines • Packaging 

CMOS LOGIC DATABOOK— 1988 

CMOS AC Switching Test Circuits and Timing Waveforms • CMOS Application Notes • MM54HC/MM74HC 
MM54HCT/MM74HCT • CD4XXX • MM54CXXX/MM74CXXX • Surface Mount 

CLOCK GENERATION AND SUPPORT (CGS) DESIGN DATABOOK— 1994 

Low Skew Clock Buffers/ Drivers • Video Clock Generators • Low Skew PLL Clock Generators 
Crystal Clock Generators 

COP8™ DATABOOK— 1994 

COP8 Family • COP8 Applications • MICROWIRE/PLUS Peripherals • COP8 Development Support 

CROSSVOLT™ LOW VOLTAGE LOGIC SERIES DATABOOK— 1994 

LCX Family • LVX Translator Family • LVX Bus Switch Family • LVX Family • LVQ Family • LVT Family 

DATA ACQUISITION DATABOOK— 1995 

Data Acquisition Systems • Analog-to-Digital Converters • Digital-to-Analog Converters • Voltage References 
Temperature Sensors • Active Filters • Analog Switches/Multiplexers • Surface Mount 

DATA ACQUISITION DATABOOK SUPPLEMENT— 1992 

New devices released since the printing of the 1 989 Data Acquisition Linear Devices Databook. 




DISCRETE SEMICONDUCTOR PRODUCTS DATABOOK— 1989 

Selection Guide and Cross Reference Guides • Diodes • Bipolar NPN Transistors 
Bipolar PNP Transistors • JFET Transistors • Surface Mount Products • Pro-Electron Series 
Consumer Series • Power Components • Transistor Datasheets • Process Characteristics 

DRAM MANAGEMENT HANDBOOK— 1993 

Dynamic Memory Control • CPU Specific System Solutions • Error Detection and Correction 
Microprocessor Applications 

EMBEDDED CONTROLLERS DATABOOK— 1992 

COP400 Family • COP800 Family • COPS Applications • HPC Family • HPC Applications 
MICROWIRE and MICROWIRE/PLUS Peripherals • Microcontroller Development Tools 

FDDI DATABOOK— 1994 

Datasheets • Application Notes 

F100K ECL LOGIC DATABOOK & DESIGN GUIDE— 1992 

Family Overview • 300 Series (Low-Power) Datasheets • 100 Series Datasheets • 1 1C Datasheets 
Design Guide • Circuit Basics • Logic Design • Transmission Line Concepts • System Considerations 
Power Distribution and Thermal Considerations • Testing Techniques • 300 Series Package Qualification 
Quality Assurance and Reliability • Application Notes 

FACT™ ADVANCED CMOS LOGIC DATABOOK— 1993 

Description and Family Characteristics • Ratings, Specifications and Waveforms 

Design Considerations • 54AC/74ACXXX • 54ACT/74ACTXXX • Quiet Series: 54ACQ/74ACQXXX 

Quiet Series: 54ACTQ/74ACTQXXX • 54FCT /74FCTXXX • FCTA: 54FCTXXXA/74FCTXXXA/B 

FAST® ADVANCED SCHOTTKY TTL LOGIC DATABOOK— 1990 

Circuit Characteristics • Ratings, Specifications and Waveforms • Design Considerations • 54F/74FXXX 

FAST® APPLICATIONS HANDBOOK— 1990 

Reprint of 1987 Fairchild FAST Applications Handbook 

Contains application information on the FAST family: Introduction • Multiplexers • Decoders • Encoders 
Operators • FIFOs • Counters • TTL Small Scale Integration • Line Driving and System Design 
FAST Characteristics and Testing • Packaging Characteristics 

HIGH-PERFORMANCE BUS INTERFACE DATABOOK— 1994 

QuickRing • FuturebusT- /BTL Devices • BTL Transceiver Application Notes • Futurebus+ Application Notes 
High Performance TTL Bus Drivers • Pi-Bus • Futurebus+ / BTL Reference 

IBM DATA COMMUNICATIONS HANDBOOK— 1992 

IBM Data Communications • Application Notes 

INTERFACE: DATA TRANSMISSION DATABOOK— 1994 

TIA/EIA-232 (RS-232) • TIA/EIA-422/423 • TIA/EIA-485 • Line Drivers • Receivers • Repeaters 
Transceivers • Low Voltage Differential Signaling • Special Interface • Application Notes 

LINEAR APPLICATIONS HANDBOOK— 1994 

The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit 
applications using both monolithic and hybrid circuits from National Semiconductor. 

Individual application notes are normally written to explain the operation and use of one particular device or to detail various 
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by 
keeping each application note intact, arranging them in numerical order, and providing a detailed Subject Index. 

LOCAL AREA NETWORKS DATABOOK— 1993 SECOND EDITION 

Integrated Ethernet Network Interface Controller Products • Ethernet Physical Layer Transceivers 
Ethernet Repeater Interface Controller Products • Token-Ring Interface Controller (TROPIC) 

Hardware and Software Support Products • FDDI Products • Glossary and Acronyms 




LOW VOLTAGE DATABOOK— 1992 

This databook contains information on National’s expanding portfolio of low and extended voltage products. Product datasheets 
included for: Low Voltage Logic (LVQ), Linear, EPROM, EEPROM, SRAM, Interface, ASIC, Embedded Controllers, Real Time 
Clocks, and Clock Generation and Support (CGS). 

MASS STORAGE HANDBOOK— 1989 

Rigid Disk Pulse Detectors • Rigid Disk Data Separators/Synchronizers and ENDECs 

Rigid Disk Data Controller • SCSI Bus Interface Circuits • Floppy Disk Controllers • Disk Drive Interface Circuits 
Rigid Disk Preamplifiers and Servo Control Circuits • Rigid Disk Microcontroller Circuits • Disk Interface Design Guide 

MEMORY DATABOOK— 1994 

FLASH • CMOS EPROMs • CMOS EEPROMs • PROMs • Application Notes 

MEMORY APPLICATIONS HANDBOOK— 1994 

FLASH • EEPROMs • EPROMs • Application Notes 

OPERATIONAL AMPLIFIERS DATABOOK— 1995 

Operational Amplifiers • Buffers • Voltage Comparators • Active Matrix/ LCD Display Drivers 
Special Functions • Surface Mount 

PACKAGING DATABOOK— 1993 

Introduction to Packaging • Hermetic Packages • Plastic Packages • Advanced Packaging Technology 
Package Reliability Considerations • Packing Considerations • Surface Mount Considerations 

POWER IC’s DATABOOK— 1995 

Linear Voltage Regulators • Low Dropout Voltage Regulators • Switching Voltage Regulators 
Motion Control • Surface Mount 

PROGRAMMABLE LOGIC DEVICE DATABOOK AND 
DESIGN GUIDE— 1993 

Product Line Overview • Datasheets • Design Guide: Designing with PLDs • PLD Design Methodology 
PLD Design Development Tools • Fabrication of Programmable Logic • Application Examples 

REAL TIME CLOCK HANDBOOK— 1993 

3-Volt Low Voltage Real Time Clocks • Real Time Clocks and Timer Clock Peripherals • Application Notes 

RELIABILITY HANDBOOK— 1987 

Reliability and the Die • Internal Construction • Finished Package • MIL-STD-883 • MIL-M-38510 

The Specification Development Process • Reliability and the Hybrid Device • VLSI/VHSIC Devices 

Radiation Environment • Electrostatic Discharge • Discrete Device • Standardization 

Quality Assurance and Reliability Engineering • Reliability and Documentation • Commercial Grade Device 

European Reliability Programs • Reliability and the Cost of Semiconductor Ownership 

Reliability Testing at National Semiconductor • The Total Military/ Aerospace Standardization Program 

883B/RETSTM Products • MILS/RETStm Products • 883/RETStm Hybrids • MIL-M-38510 Class B Products 

Radiation Hardened Technology • Wafer Fabrication • Semiconductor Assembly and Packaging 

Semiconductor Packages • Glossary of Terms • Key Government Agencies • AN/ Numbers and Acronyms 

Bibliography • MIL-M-38510 and DESC Drawing Cross Listing 

SCAN™ DATABOOK— 1994 

Evolution of IEEE 1 149.1 Standard • SCAN BiCMOS Products • SCAN ACMOS Products • System Test Products 
Other IEEE 1149.1 Devices 

TELECOMMUNICATIONS— 1994 

COMBO and SLIC Devices • ISDN • Digital Loop Devices • Analog Telephone Components • Software • Application Notes 

VHC/VHCT ADVANCED CMOS LOGIC DATABOOK— 1993 

This databook introduces National’s Very High Speed CMOS (VHC) and Very High Speed TTL Compatible CMOS (VHCT) 
designs. The databook includes Description and Family Characteristics • Ratings, Specifications and Waveforms 
Design Considerations and Product Datasheets. The topics discussed are the advantages of VHC/VHCT AC Performance, 
Low Noise Characteristics and Improved Interface Capabilities. 




NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS 


ALABAMA 

Huntsville 

Anthem Electronics 
(205) 890-0302 
Future Electronics Corp. 
(205) 830-2322 
Hamilton/Hallmark 
(205) 837-8700 
Pioneer Technology 
(205) 837-9300 
Time Electronics 
(205) 721-1134 
ARIZONA 
Phoenix 

Future Electronics Corp. 
(602) 968-7140 
Hamilton/Hallmark 
(602) 437-1200 
Scottsdale 

Alliance Electronics Inc. 
(602) 483-9400 
Tempe 

Anthem Electronics 
(602) 966-6600 
Bell Industries 
(602) 966-3600 
Pioneer Standard 
(602) 350-9335 
Time Electronics 
(602) 967-2000 
CALIFORNIA 
Agoura Hills 
Bell Industries 
(818) 865-7900 
Future Electronics Corp. 
(818) 865-0040 
Pioneer Standard 
(818) 865-5800 
Time Electronics 
(818) 707-2890 
Calabasas 
F/X Electronics 
(818) 591-9220 
Chatsworth 
Anthem Electronics 
(818) 775-1333 
Costa Mesa 
Hamilton/Hallmark 
(714)641-4100 
Irvine 

Anthem Electronics 
(714) 768-4444 
Bell Industries 
(714) 727-4500 
Future Electronics Corp. 
(714)453-1515 
Pioneer Standard 
(714) 753-5090 
Zeus Elect, an Arrow Co. 
(714) 581-4622 
Rocklin 

Anthem Electronics 
(916)624-9744 
Bell Industries 
(916) 652-0418 
Roseville 

Future Electronics Corp. 
(916) 783-7877 
Hamilton/Hallmark 
(916) 624-9781 
San Diego 
Anthem Electronics 
(619)453-9005 
Bell Industries 
(619) 576-3294 
Future Electronics Corp. 
(619) 625-2800 
Hamilton/Hallmark 
(619) 571-7540 
Pioneer Standard 
(619) 514-7700 
Time Electronics 
(619)674-2800 


San Jose 

Anthem Electronics 
(408) 453-1200 
Future Electronics Corp. 
(408) 434-1122 
Hamilton/Hallmark 
(408) 435-3500 
Pioneer Technology 
(408) 954-9100 
Zeus Elect, an Arrow Co. 
(408) 629-4789 
Sunnyvale 
Bell Industries 
(408) 734-8570 
Time Electronics 
(408) 734-9890 
Tustin 

Time Electronics 
(714) 669-0216 
Woodland Hills 
Hamilton/Hallmark 
(818) 594-0404 
Time Electronics 
(818) 593-8400 
COLORADO 
Denver 
Bell Industries 
(303) 691-9270 
Englewood 
Anthem Electronics 
(303) 790-4500 
Hamilton/Hallmark 
(303) 790-1662 
Pioneer Technology 
(303) 773-8090 
Time Electronics 
(303) 799-5400 
Lakewood 

Future Electronics Corp. 
(303) 232-2008 

CONNECTICUT 

Cheshire 

Future Electronics Corp. 
(203) 250-0083 
Hamilton/Hallmark 
(203) 271-2844 
Meriden 
Bell Industries 
(203) 639-6000 
Shelton 

Pioneer Standard 
(203) 929-5600 
Wallingford 
Advent Electronics 
(800) 982-0014 
Waterbury 
Anthem Electronics 
(203) 575-1575 
FLORIDA 
Altamonte Springs 
Anthem Electronics 
(407) 831-0007 
Bell Industries 
(407) 339-0078 
Future Electronics Corp. 
(407) 865-7900 
Pioneer Technology 
(407) 834-9090 
Deerfield Beach 
Future Electronics Corp. 
(305) 426-4043 
Pioneer Technology 
(305) 428-8877 
Fort Lauderdale 
Hamilton/Hallmark 
(305) 484-5482 
Time Electronics 
(305) 484-1864 
Indialantic 
Advent Electronics 
(800) 975-8669 
Lake Mary 

Zeus Elect, an Arrow Co. 
(407) 333-9300 


Largo 

Future Electronics Corp. 
(813) 530-1222 
Hamilton/Hallmark 
(813) 541-7440 
Orlando 
Chip Supply 
“Die Distributor" 

(407) 298-7100 
Time Electronics 
(407) 841-6566 
Winter Park 
Hamilton/Hallmark 
(407) 657-3300 
GEORGIA 
Duluth 

Anthem Electronics 
(404) 931-9300 
Hamilton/Hallmark 
(404) 623-4400 
Pioneer Technology 
(404) 623-1003 
Time Electronics 
(404) 623-5455 
Norcross 

Future Electronics Corp. 
(404) 441-7676 

ILLINOIS 

Addison 

Pioneer Standard 
(708) 495-9680 
Bensenville 
Hamilton/Hallmark 
(708) 860-7780 
Des Plaines 
Advent Electronics 
(800) 323-1270 
Elk Grove Village 
Bell Industries 
(708)640-1910 
Hoffman Estates 
Future Electronics Corp. 
(708) 882-1255 
Itasca 

Zeus Elect, an Arrow Co. 
(708) 595-9730 
Schaumburg 
Anthem Electronics 
(708) 884-0200 
Time Electronics 
(708) 303-3000 
INDIANA 
Fort Wayne 
Bell Industries 
(219) 422-4300 
Indianapolis 
Advent Electronics Inc. 
(800) 732-1453 
Bell Industries 
(317) 875-8200 
Future Electronics Corp. 
(317) 469-0447 
Hamilton/Hallmark 
(317) 872-8875 
Pioneer Standard 
(317) 573-0880 
IOWA 

Cedar Rapids 
Advent Electronics 
(800) 397-8407 
Hamilton/Hallmark 
(319) 393-0033 
KANSAS 
Lenexa 

Hamilton/Hallmark 
(913) 888-4747 
Overland Park 
Future Electronics Corp. 
(913) 649-1531 
KENTUCKY 
Lexington 
Hamilton/Hallmark 
(606) 288-491 1 


MARYLAND 

Columbia 

Anthem Electronics 
(410)995-6640 
Bell Industries 
(410) 290-5100 
Future Electronics Corp. 
(410) 290-0600 
Hamilton/Hallmark 
(410) 988-9800 
Seymour Electronics 
(410) 992-7474 
Time Electronics 
(410)720-3600 
Gaithersburg 
Pioneer Technology 
(301) 921-0660 
MASSACHUSETTS 
Andover 
Bell Industries 
(508) 474-8880 
Bolton 

Future Electronics Corp. 
(508) 779-3000 
Lexington 
Pioneer Standard 
(617) 861-9200 
Newburyport 
Rochester Electronics 
“Obsolete Products" 
(508) 462-9332 
Norwood 

Gerber Electronics 
(617) 769-6000 
Peabody 

Hamilton/Hallmark 
(508) 532-3701 
Time Electronics 
(508) 532-9777 
Tyngsboro 
Port Electronics 
(508) 649-4880 
Wilmington 
Anthem Electronics 
(508) 657-5170 
Zeus Elect, an Arrow Co. 
(508) 658-0900 
MICHIGAN 
Farmington Hills 
Advent Electronics 
(800) 572-9329 
Grand Rapids 
Future Electronics Corp. 
(616) 698-6800 
Pioneer Standard 
(616) 698-1800 
Livonia 

Future Electronics Corp. 
(313) 261-5270 
O’Fallon 

Advent Electronics 
(800) 888-9588 
Plymouth 

Hamilton/Hallmark 
(313) 416-5800 
Pioneer Standard 
(313)416-2157 
Wyoming 

R. M. Electronics, Inc. 
(616) 531-9300 
MINNESOTA 
Bloomington 
Hamilton/Hallmark 
(612) 881-2600 
Eden Prairie 
Anthem Electronics 
(612) 944-5454 
Future Electronics Corp. 
(612)944-2200 
Pioneer Standard 
(612) 944-3355 
Minnetonka 
Time Electronics 
(612)931-2131 




NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS (Continued) 


MINNESOTA (Continued) 
Thief River Falls 
Digi-Key Corp. 

“Catalog Sales Only” 
(800) 344-4539 
MISSOURI 
Earth City 
Hamilton/ Hallmark 
(314) 291-5350 
Manchester 
Time Electronics 
(314) 230-7500 
St. Louis 

Future Electronics Corp. 
(314) 469-6805 

NEW JERSEY 

Camden 

Advent Electronics 
(800) 255-4771 
Cherry Hill 
Hamilton/Hallmark 
(609)424-0110 
Fairfield 
Bell Industries 
(201) 227-6060 
Pioneer Standard 
(201)575-3510 
Marlton 

Future Electronics Corp. 
(609) 596-4080 
Time Electronics 
(609) 596-1286 
Mount Laurel 
Seymour Electronics 
(609) 235-7474 
Parsippany 

Future Electronics Corp. 
(201) 299-0400 
Hamilton/Hallmark 
(201)515-1641 
Pine Brook 
Anthem Electronics 
(201) 227-7960 
Wayne 

Time Electronics 
(201) 785-8250 
NEW MEXICO 
Albuquerque 
Bell Industries 
(505) 292-2700 
Hamilton/Hallmark 
(505) 828-1058 
NEW YORK 
Binghamton 
Pioneer Standard 
(607) 722-9300 
Buffalo 

Summit Distributors 
(716) 887-2800 
Commack 
Anthem Electronics 
(516) 864-6600 
Fairport 

Pioneer Standard 
(716) 381-7070 
Hauppauge 

Future Electronics Corp. 
(516) 234-4000 
Hamilton/Hallmark 
(516) 434-7400 
Time Electronics 
(516) 273-0100 
Port Chester 
Zeus Elect, an Arrow Co. 
(914) 937-7400 
Rochester 

Future Electronics Corp. 
(716) 387-9550 
Hamilton/Hallmark 
(800) 475-9130 
Summit Distributors 
(716)334-8110 


Syracuse 

Future Electronics Corp. 
(315) 451-2371 
Time Electronics 
(315) 434-9837 
Woodbury 
Pioneer Standard 
(516)921-9700 
Seymour Electronics 
(516) 496-7474 
NORTH CAROLINA 
Charlotte 

Future Electronics Corp. 
(704) 547-1107 
Morrisville 
Pioneer Technology 
(919) 460-1530 
Raleigh 

Anthem Electronics 
(919) 782-3550 
Future Electronics Corp. 
(919) 790-7111 
Hamilton/Hallmark 
(919) 872-0712 
OHIO 

Beavercreek 
Future Electronics Corp. 
(513) 426-0090 
Cleveland 
Pioneer Standard 
(216) 587-3600 
Columbus 
Time Electronics 
(614) 794-3301 
Dayton 
Bell Industries 
(513) 435-5922 
Bell Industries-Military 
(513) 434-8231 
Hamilton/Hallmark 
(513) 439-6735 
Pioneer Standard 
(513) 236-9900 
Mayfield Heights 
Future Electronics Corp. 
(216) 449-6996 
Solon 

Bell Industries 
(216) 498-2002 
Hamilton/Hallmark 
(216)498-1100 
Worthington 
Hamilton/Hallmark 
(614) 888-3313 
OKLAHOMA 
Tulsa 

Hamilton/Hallmark 
(918) 254-6110 
Pioneer Standard 
(918) 665-7840 
Radio Inc. 

(918) 587-9123 
OREGON 
Beaverton 
Anthem Electronics 
(503) 643-1114 
Bell Industries 
(503) 644-3444 
Future Electronics Corp. 
(503) 645-9454 
Hamilton/Hallmark 
(503) 526-6200 
Pioneer Technology 
(503) 626-7300 
Portland 

Time Electronics 
(503) 684-3780 

PENNSYLVANIA 

Horsham 

Anthem Electronics 
(215) 443-5150 
Pioneer Technology 
(215) 674-4000 


Pittsburgh 
Pioneer Standard 
(412) 782-2300 
Trevose 
Bell Industries 
(215) 953-2800 
TEXAS 
Austin 

Anthem Electronics 
(512) 388-0049 
Future Electronics Corp. 
(512) 502-0991 
Hamilton/Hallmark 
(512) 258-8848 
Minco Technology Labs. 
“Die Distributor” 

(512) 834-2022 
Pioneer Standard 
(512) 835-4000 
Time Electronics 
(512) 219-3773 
Carrollton 

Zeus Elect, an Arrow Co. 
(214) 380-6464 
Dallas 

Hamilton/Hallmark 
(214) 553-4300 
Pioneer Standard 
(214) 386-7300 
Houston 

Future Electronics Corp. 
(713) 785-1155 
Hamilton/Hallmark 
(713) 781-6100 
Pioneer Standard 
(713) 495-4700 
Richardson 
Anthem Electronics 
(214) 238-7100 
Bell Industries 
(214) 690-9096 
Future Electronics Corp. 
(214) 437-2437 
Time Electronics 
(214) 480-5000 
UTAH 
Midvale 
Bell Industries 
(801)255-9691 
Salt Lake City 
Anthem Electronics 
(801)973-8555 
Future Electronics Corp. 
(801)467-4448 
Hamilton/Hallmark 
(801)266-2022 
West Valley City 
Time Electronics 
(801)973-0208 
WASHINGTON 
Bellevue 
Bell Industries 
(206) 646-8750 
Pioneer Technology 
(206) 644-7500 
Bothell 

Anthem Electronics 
(206) 483-1700 
Future Electronics Corp. 
(206) 489-3400 
Kirkland 

Time Electronics 
(206) 820-1525 
Redmond 
Hamilton/Hallmark 
(206) 881-6697 
WISCONSIN 
Brookfield 

Future Electronics Corp. 
(414) 879-0244 
Pioneer Standard 
(414) 784-3480 
Mequon 
Taylor Electric 
(414) 241-4321 


New Berlin 
Hamilton/Hallmark 
(414) 780-7200 
Waukesha 
Bell Industries 
(414) 547-8879 
West Allis 
Advent Electronics 
(800) 500-0441 
CANADA 

WESTERN PROVINCES 
Burnaby 

Hamilton/Hallmark 
(604) 420-4101 
Semad Electronics Ltd. 
(604) 451-3444 
Calgary 

Electro Sonic Inc. 

(403) 255-9550 
Future Electronics Corp. 
(403) 250-5550 
Semad Electronics Ltd. 
(403) 252-5664 
Zentronics/ Pioneer 
(403) 295-8838 
Edmonton 

Future Electronics Corp. 
(403) 438-2858 
Zentronics/Pioneer 
(403) 482-3038 
Markham 

Semad Electronics Ltd. 
(905) 475-8500 
Richmond 
Electro Sonic Inc. 

(604) 273-291 1 
Zentronics/ Pioneer 
(604) 273-5575 
Vancouver 

Future Electronics Corp. 
(604)294-1166 
EASTERN PROVINCES 
Mississauga 
Future Electronics Corp. 
(905) 612-9200 
Hamilton/Hallmark 
(905) 564-6060 
Time Electronics 
(905) 712-3277 
Zentronics/Pioneer 
(905) 405-8300 
Nepean 

Hamilton/Hallmark 
(613) 226-1700 
Zentronics/Pioneer 
(613) 226-8840 
Ottawa 

Electro Sonic Inc. 

(613) 728-8333 
Future Electronics Corp. 
(613) 820-8313 
Semad Electronics Ltd. 
(613) 526-4866 
Pointe Claire 
Future Electronics Corp. 
(514) 694-7710 
Semad Electronics Ltd. 
(514) 694-0860 
Quebec 

Future Electronics Corp. 
(418) 877-6666 
Ville St. Laurent 
Hamilton/Hallmark 
(514) 335-1000 
Zentronics/ Pioneer 
(514) 737-9700 
Willowdale 
Electro Sonic Inc. 
(416)494-1666 
Winnipeg 
Electro Sonic Inc. 

(204) 783-3105 
Future Electronics Corp. 
(204) 944-1446 
Zentronics/ Pioneer 
(204) 694-1957 
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WORLDWIDE SALES OFFICES 

AUSTRALIA FRANCE JAPAN 


National Semiconductor 
(Australia) Pty. Ltd. 

Bldg. 16 Business Park Dr. 
Monash Business Park 
Nottinghill Melbourne 
Victoria 3168 Australia 
Tel: (39) 558-9999 
Fax: (39) 558-9998 

BRAZIL 


National Semiconductors 
Do Brazil Ltda. 

Rue Deputado Lacorda 
Franco 120-3A 

Sao Paulo-SP Brazil 05418-000 
Tel: (55-11)212-5066 
Fax: (55-11)212-1181 

CANADA 


National Semiconductor 
(Canada) 

5925 Airport Road, Suite 615 
Mississauga, Ontario L4V 1W1 
Tel: (416)678-2920 
Fax: (416) 678-2837 

National Semiconductor 
(Canada) 

39 Robertson Road, Suite 101 
Nepean, Ontario K2H 8R2 
Tel: (613) 596-0411 
Fax: (613) 596-1613 

National Semiconductor 
(Canada) 

1870 Boul Des Sources, 

Suite 101 

Pointe Claire, Quebec H2R 5N4 
Tel: (514)426-2992 
Fax: (514) 426-2710 

CHINA 


National Semiconductor 
S.A. 

Parc d’Affaires Technopolis 
3, Avenue Du Canada 
Bat. ZETA - L.P. 821 Les Ulis 
F-91 974 Courtaboeuf Cedex 
France 

Tel: (1)69 18 37 00 
Fax: (1)69 18 37 69 

GERMANY 


National Semiconductor 
GmbH 

Livry-Gargan-Strasse. 1 0 
D-82256 Furstenfeldbruck 
Germany 

Tel: (0-81-41)35-0 
Fax: (0-81-41) 35-1 5-06 

HONG KONG 


National Semiconductor 
Hong Kong Ltd. 

13th Floor, Straight Block 
Ocean Centre 
5 Canton Road 
Tsimshatsui, Kowloon 
Hong Kong 
Tel: (852) 2737-1600 
Fax: (852) 2736-9960 

INDIA 


National Semiconductor 
India Liaison Office 

26 Cunningham Road 
Bangalore 560052 India 
Tel: 80-226-7272 
Fax: 80-225-1133 

ISRAEL 


National Semiconductor 
Japan Ltd. 

Sumitomo Chemical 
Engineering Center Bldg. 7F 
1-7-1, Nakase, Mihama-Ku 
Chiba-City, 

Chiba Prefecture 261 
Japan 

Tel: (043) 299-2300 
Fax: (043) 299-2500 

KOREA 


National Semiconductor 
(Far East) Ltd. 

13th Floor, Dai Han 
Life Insurance 63 Building 
60 Yoido-Dong 
Youngdeungpo-KU 
Seoul Korea 1 50-763 
Tel: (02) 784-8051 /3 
(02) 785-0696/8 
Fax: (02) 784-8054 

MALAYSIA 


National Semiconductor 
Sdn Bhd 

Bayan Lepas Free Trade Zone 
1 1 900 Penang Malaysia 
Tel: 4-644-9061 
Fax: 4-644-9073 

MEXICO 


Electronica NSC de 
Mexico SA 

Juventino RosaS No. 118-2 
Col Guadalupe Inn 
Mexico, 01020 D.E. Mexico 
Tel: (525) 661-7155 
Fax: (525) 661-6905 


National Semiconductor 
Beijing China Liaison 
Office 

Room 1 930 
New Century Hotel, 

No. 6 Southern Road 
Capital Gym 
Beijing 100046, PRC 
Tel: 10-849-133 1 
Fax:10-849-133 2 

FINLAND 


National Semiconductor 
(U.K.) Ltd. 
Mekaanikonkatu 13 
SF-00810 Helsinki 
Finland 

Tel: (0) 759-1855 
Fax: (0) 759-1393 


National Semiconductor Ltd. 

Maskit Street 
PO Box 3007 
Herzlia B. 46104 
Israel 

Tel: (09) 59 42 55 
Fax: (09) 55 83 22 

ITALY 


National Semiconductor S.p.A. 

Strada 7, Palazzo R/3 
1-20089 Rozzano-Milanofiori 
Italy 

Tel: (02) 57 50 03 00 
Fax: (02) 57 50 04 00 


PUERTO RICO 


National Semiconductor 
(Puerto Rico) 

La Electronica Bldg. 

Suite 312, R.D. #1 KM 14.5 
Rio Piedias 
Puerto Rico 00927 
Tel: (809) 758-921 1 
Fax: (809) 763-6959 

SINGAPORE 


National Semiconductor 
Asia Pacific Pte. Ltd. 

200 Cantonment Road #13-01 
Southpoint Singapore 0208 
Tel: (65) 225-2226 
Fax: (65) 225-7080 


SPAIN 


National Semiconductor GmbH 

Calle Agustin de Foxa, 27 (9°D) 

E-28036 Madrid 

Spain 

Tel: (01) 7-33-29-54 
Fax: (01) 7-33-80-18 

SWEDEN 


National Semiconductor AB 

P.O. Box 1009 
Grosshandlarvagen 7 
S-12123 Johanneshov, 
Sweden 

Tel: (08) 7 22 80 50 
Fax: (08) 7 22 90 95 

SWITZERLAND 


National Semiconductor 
(U.K.) Ltd. 

Alte Winterthurerstrasse 53 
CH-8304 Wallisellen-Zurich 
Switzerland 
Tel: (01)8-30-27-27 
Fax: (01) 8-30-19-00 

TAIWAN 


National Semiconductor 
(Far East) Ltd. 

9/F, No. 44 Section 2 
Chungshan North Road 
Taipei, Taiwan, R.O.C. 

Tel: (02) 521-3288 
Fax: (02) 561-3054 

U.K. AND IRELAND 


National Semiconductor 
(U.K.) Ltd. 

The Maple, Kembrey Park 
Swindon, Wiltshire SN2 6YX 
United Kingdom 
Tel: (07-93) 61 41 41 
Fax: (07-93) 52 21 80 
Telex: 444674 

UNITED STATES 


National Semiconductor 
Corporation 

1111 West Bardin Road 
Arlington, TX 76017 
Tel: (800) 272-9959 
Fax: (800) 737-7018 
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National Semiconductor supplies a compi-ehensive set of service and support capabilities . 

Complete product information and design support is available from National's customer 
support centers. 


To receive sales literature and technical assistance , contact the National support center in your area . 



Americas 

Tel 

1-800-272-9959 


Fax 

1-800-737-7018 

Email 

support@tevm2.nsc.com 

Europe 

Fax 

(+49) 0-180-530 85 86 

Email 

cnjwge@tevm2.nsc.com 

Deutsch 

Tel 

(+49) 0-180-530 85 85 

English 

Tel 

(+49) 0-180-532 78 32 

Francais 

Tel 

(+49) 0-180-532 93 58 

Italiano 

Tel 

(+49) 0-180-534 16 8p 
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Japan 

Tel 

81-043-299-2309 


Fax 

81-043-299-2408 
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See us on the Worldwide Web at: http://www.nsc.com 
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For support in the following countries, please contact the offices listed below: 


Australia 

India 


Malaysia 

Tel: (39)558-9999 

Tel: 

1 

Fax: 

80-226-7272 

Tel: 4-64+9061 

Fax: (39)558-9998 

80-225-1133 

Fax: 4-644-9073 

China 

Korea 


Singapore 

Tel: 10-849-133 1 

Tel: 

(02) 784-8051/3 

Tel: (65) 225-2226 

Fax: 10-849-133 2 


(02) 785-0696/8 

Fax: (65)225-7080 

Hong Kong 

Fax: 

(02) 784-8054 

Taiwan 


Tel: (852)2737-1600 
Fax: (852)2736-9960 


Tel: (02) 521-3288 
Fax: (02) 561-3054 


For a complete listing of worldwide sales offices, see inside back page. 
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